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1. 

MULTI-ANTENNA TRANSMISSION DEVICE, 
MULTI-ANTENNA RECEPTION DEVICE, 
MULT-ANTENNA TRANSMISSION 

METHOD, MULTI-ANTENNA RECEPTION 
METHOD, TERMINAL DEVICE, AND BASE 

STATION DEVICE 

TECHNICAL FIELD 

The present invention relates to a multi-antenna transmit 
ting apparatus, multi-antenna receiving apparatus, multi-an 
tenna transmitting method, multi-antenna receiving method, 
terminal apparatus, and base station apparatus that use a 
MIMO (Multiple Input Multiple Output) spatial-multiplex 
1ng. 

BACKGROUND ART 

(MIMO-AMC) 
In recent years, there has been a demand in the radio 

communications field for a technology for transmitting large 
Volume digital data using a limited frequency band, and trans 
mission scheme using MIMO spatial-multiplexing is known 
as one method for realizing this. 

Also, AMC (Adaptive Modulation and Channel coding) is 
known as a method for improving transmission efficiency. A 
method combining MIMO and AMC (hereinafter referred to 
as MIMO-AMC) has been proposed whereby a modulation 
scheme and code rate are changed for each transmit antenna 
So as to adapt to the state of a channel traversed by a signal 
transmitted from each antenna of a transmitting apparatus. 
The technology described in Non-patent Document 1 is such 
a MIMO-AMC technology. The configuration of a transmit 
ting apparatus based on Non-patent Document 1 is shown in 
FIG. 1. Base station 100 in FIG. 1 illustrates a configuration 
ofa transmitting apparatus based on the technology described 
in Non-patent Document 1. This configuration is described 
below taking a case in which the base station transmits infor 
mation code to a terminal as an example. 

Information code is input to base station 100. Information 
code input to base station 100 is arranged into a parallel 
sequence from a serial sequence by serial/parallel conversion 
section 101. Serial/parallel conversion section 101 switches 
sequences that are output on a timing-by-timing basis, so that 
information code input at a particular timing is output as 
sequence#A, and information code input at the next timing is 
output as sequence #B, for example. 

Information code arranged into parallel format is channel 
encoded by encoding sections 102 and 103. An error correc 
tion code Such as a block code, convolutional code, or the like, 
for example, is used in channel encoding, Encoding sections 
102 and 103 can perform channel encoding using a plurality 
of coding rates, and which coding rate is used for encoding is 
controlled by adaptive modulation control section 113. 
A channel encoded codeword is mapped by mapping sec 

tions 104 and 105. The mapping executed here is processing 
that maps post conversion code to a baseband signal point of 
a selected modulation scheme. Mapping sections 104 and 105 
have mapping patterns of a plurality of modulation schemes, 
and which modulation scheme is selected is controlled by 
adaptive modulation control section 113. 

Next, frame configuration sections 106 and 107 configure 
a frame Such as shown in FIG. 2. First, frame configuration 
section 106 inserts a preamble signal in a stream #A frame in 
time 1. A preamble signal is a signal sequence known to a 
receiving apparatus, and the receiving apparatus performs 
synchronization with a received frame by finding a correla 
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2 
tion with a preamble signal. An M sequence or the like may be 
used as a preamble signal, for example. A characteristic of M 
sequence autocorrelation is that a correlation value when 
there is no time deviation shows a peak, and a correlation 
value when there is time deviation shows an extremely low 
value. 

Consequently, the receiving apparatus can find synchroni 
Zation timing by means of M sequence sliding correlation. 
Therefore, the receiving apparatus can establish synchroni 
Zation timing by finding preamble signal sliding correlation 
value and taking a time at which the correlation value shows 
a peak value as Synchronization timing. 
Frame configuration section 107 inserts a null signal in 

stream #B in time 1. Here, a null signal represents a Void 
signal. In time 2, a pilot signal is inserted in stream #A. This 
pilot signal is a signal known to the receiving apparatus. The 
receiving apparatus performs channel estimation based on 
channel fluctuation undergone by this pilot signal in the 
course of propagation. A received signal of a receiving appa 
ratus that receives a pilot signal transmitted in time 2 is 
represented by the following equation. 
1. 

y=Hp+n (Equation 1) 

where y-Iyya' represents a received signal, 

. h12 
h21 ho? 

represents a channel matrix, 

p = p2 

represents a pilot signal, and n-n, n' represents noise. 
Noise power is assumed to be n. 

Also, “I” are symbols representing a matrix or vector, and 
T indicates that matrix or vector elements are transposed. 

Since the pilot signal in time 2 is p-p 0, a received 
signal is as shown by the following equation. 

2 

I (Equation 2) 
y2l-2 

I h12 | p 
h21 ha2 O 

E. + in 

in 
-- 

in2 

Here, trepresents time. A channel estimation value may be 
found by the receiving apparatus as shown by the following 
equation. 

3) 

h2, 

(Equation 3) 

By this means, the receiving apparatus can obtain a channel 
estimation value for which the SN ratio is p/n. 
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3 

Similarly, frame configuration section 107 inserts a pilot 
signal in stream #B in time 3. Since the pilot signal in time 3 
is p-0 pal', a received signal is as shown by the following 
equation. 

4 

yl-3 (Equation 4) 
y21-3 I C O -- 

h21 h22 p2 

E. 

in 

in2 

A channel estimation value may be found by the receiving 
apparatus as shown by the following equation. 

By this means, the receiving apparatus can obtain a channel 
estimation value for which the SN ratio is p?n’. 

In time 4, a signal indicating a modulation scheme applied 
to stream #A is inserted as a signal for notification to the 
receiving apparatus. In time 5, a signal indicating a modula 
tion scheme applied to stream #B is inserted as a signal for 
notification to the receiving apparatus. In time 6, a signal for 
notification of a code rate applied to stream #A is inserted. In 
time 7, a signal for notification of a code rate applied to stream 
#B is inserted. In time 8 onward, modulated signals transmit 
ted in streams HA and #1 are inserted. Here, information on 
modulation schemes and coderates applied to streams #A and 
#B is obtained from adaptive modulation control section 113. 

Frame configuration sections 106 and 107 configure a 
transmit frame as described above. 

Radio section 108 converts a frame configured by frame 
configuration sections 106 and 107 to a radio signal of a radio 
frequency band used by the communication system. 

Power control sections 109 and 110 convert a radio signal 
generated by radio section 108 to a radio signal having power 
equivalent to transmission power. Power conversion here is 
controlled by adaptive modulation control section 113, and is 
controlled so that transmission power is the same for streams 
HA and HB. 

Here, encoding sections 102 and 103, mapping sections 
104 and 105, frame configuration sections 106 and 107, and 
power control sections 109 and 110 are controlled by adaptive 
modulation control section 113. This control is as follows. 

First, a stream quality notification frame fed back from the 
receiving apparatus is input to adaptive modulation control 
section 113. This stream quality notification frame includes a 
parameter indicating received stream quality in the receiving 
apparatus. For example, the SINR (Signal to Interference and 
Noise power Ratio), received power, or the like of each stream 
is used as received stream quality. 

Adaptive modulation control section 113 obtains informa 
tion on received stream quality in the receiving apparatus 
from this stream quality notification frame. Adaptive modu 
lation control section 113 has a table associating stream qual 
ity with a modulation scheme, coding rate, and transmission 
power. Adaptive modulation control section 113 controls 
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4 
adaptive modulation using this table. That is to say, the table 
contains combinations of modulation scheme, coding rate, 
and transmission power that improve transmission efficiency 
according to stream quality. 

Using this table, adaptive modulation control section 113 
decides a coding rate, modulation scheme, and transmission 
power corresponding to a received stream quality signal, and 
controls encoding sections 102 and 103, mapping sections 
104 and 105, and power control sections 109 and 110 so as to 
correspond to the table. Also, adaptive modulation control 
section 113 controls frame configuration sections 106 and 
107 so that stream #A and HB modulation scheme notification 
signals and coding rate notification signals correspond to a 
transmitted frame. Antennas 111 and 112 perform spatial 
multiplex transmission of transmit signals output from power 
control Sections 109 and 110. 
As described above. Non-patent Document 1 discloses a 

technology that improves transmission efficiency by per 
forming adaptive modulation for each stream that undergoes 
MIMO spatial-multiplexing. 
A method of mapping a channel encoded codeword to a 

baseband signal is described in Non-patent Document 2. FIG. 
3 shows the configuration of a transmitting apparatus that 
performs mapping according to Non-patent Document 2. In 
FIG. 3, in which parts corresponding to those in FIG. 1 are 
assigned the same reference codes as in FIG. 1, as compared 
with base station 100 in FIG. 1, base station 300 is equipped 
with source signal point mapping sections 301 and 302 
instead of mapping sections 104 and 105. In addition, base 
station 300 has normalization coefficient multiplication sec 
tions 303 and 304. 

Source signal point mapping sections 301 and 302 map a 
channel encoded codeword to a source signal point. Here, a 
Source signal point is defined as a signal point shown in FIG. 
4(a). FIG. 4(a) shows QPSK and 16QAM source signal 
points. 

In mapping shown in Non-patent Document 2, a baseband 
signal point is generated by multiplying a source signal point 
by a normalization coefficient. This configuration corre 
sponds to normalization coefficient multiplication sections 
303 and 304 in base station 300. Here, the normalization 
coefficients by which QPSK and 16QAM source signal points 
are multiplied are as shown in FIG. 4(a). 

Normalization coefficient multiplication sections 303 and 
304 multiply QPSK source signal points by a 1/V2 normal 
ization coefficient, and 16QAM source signal points by a 
1/V10 normalization coefficient. Normalization coefficient 
multiplication sections 303 and 304 generate a baseband sig 
nal by performing this normalization coefficient multiplica 
tion. 

Baseband signal point constellation generated by the above 
is shown in FIG. 4(b). At the same time, FIG. 4(b) shows 
pilot-signal signal point placement. Here, mapping sections 
104 and 105 in base station 100 perform mapping so that 
mapping output constitutes the baseband signal points shown 
in FIG. 4(b). 
(MLD) 
One technology for MIMO spatial-multiplexed signal 

detection in a receiving apparatus is MLD (Maximum Like 
lihood Detection). MLD obtains good characteristics com 
pared with ZF (Zero Forcing), MMSE (Minimum Mean 
Squared Error), or Suchlike spatial-multiplexed signal detec 
tion, and has therefore attracted attention as a spatial-multi 
plexed signal detection technology that enables high-quality 
reception characteristics to be obtained. 

Although spatial-multiplexed signal detection by means of 
MLD shows excellent characteristics, the arithmetic calcula 
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tion scale is large, and therefore inventions have appeared that 
focus on reducing the MLD arithmetic calculation circuit 
scale. One such method of reducing the MLD arithmetic 
calculation circuit scale is described in Patent Document 1. A 
brief description of the MLD arithmetic calculation shown in 
Patent Document 1 is given below. 

First, in the following description, a case in which commu 
nication is performed using a two-stream spatial-multiplex 
ing MIMO method will be considered. At this time, a received 
signal can be represented as shown by the following equation. 
6 

y=Hx+n (Equation 6) 

where X X X" represents a transmit signal. 
Here, the square Euclidean distance of a received signal is 

found as shown by the following equation. 

(7) 

E = |ly - Hs|| (Equation 7) 

As y is a received signal, it can be found by the receiving 
apparatus. His estimated by the receiving apparatus using a 
pilot signal. The estimation method is as shown in Equation 
(3) and Equation (5). Also, S is a vector representing transmit 
symbols that can be used by the transmitting apparatus, and 
S-Is, S.I. Hereinafter, s, and s, are referred to as candidate 
signal points. In MLD, a combination of candidate signal 
points sands, for which Equation (7) is a minimum is taken 
as a detection result. 
The invention disclosed in Patent Document 1 shows in 

particular that it is possible for the circuit scale to be reduced 
in spatial-multiplexed signal detection even if the M-ary 
modulation value is large. The technology disclosed in Patent 
Document 1 generates a replica signal corresponding to each 
transmit signal. 

Replica signals here are his.--has, and has+h 22s, 
shown in Equation (7). 

In the technology disclosed in Patent Document 1, terms 
his+hs, and his.--h22s, configuring replica signals are 
stored. Furthermore, addition of these replica signals is per 
formed taking account of a combination of terms configuring 
the stored replica signals. It is shown that the number of 
complex multipliers necessary for replica signal generation 
can be reduced by this means. 
Patent Document 1: Japanese Patent Application Laid-Open 

No. 2006-196989 
Non-patent Document 1: 3GPP TSG RAN WG1, TSG-R1 

010879, Lucent Technologies, “Increasing MIMO 
throughput with per-antenna rate control 

Non-patent Document 2: ISO/IEC and redesignated as ISO/ 
IEC 8802-1 11:1999/Amd 1:2000, “Supplement to IEEE 
Standard for information technology—Telecommunica 
tions and information exchange between systems—Local 
and metropolitan area networks—Specific requirements. 
Part 11: Wireless LAN Medium Access Control (MAC) 
and Physical Layer (PHY) specifications High-speed 
Physical Layer in the 5 GHZ Band.” IEEE Std 802.11a 
1999 

Non-patent Document 3: “Linear Algebra and its Applica 
tions. G. Strang, Sangyo Tosho Publishing Co., Ltd. 
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6 
DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 

The following problem is associated with performing spa 
tial-multiplexed signal detection by means of MLD in a 
receiving apparatus. 
When a transmitting apparatus that performs transmission 

scheme using MIMO spatial multiplexing performs AMC for 
each antenna, combinations arise in modulation schemes of 
candidate signal points S and S shown in Equation (7). For 
example, when a transmitting apparatus uses QPSK and 
16QAM as modulation schemes, combinations of S and S 
modulation schemes are as shown in Table 1. 

TABLE 1 

S1 S2 

1 QPSK QPSK 
2 QPSK 16QAM 
3 16QAM QPSK 
4 16QAM 16QAM 

However, hitherto, sufficient consideration has not been 
given to an MLD receiving apparatus Supporting a MIMO 
AMC system, as disclosed in Patent Document 1. For 
example, as disclosed in Patent Document 1, an MLD arith 
metic calculation circuit has only supported a case in which 
modulation schemes applied to MIMO spatial-multiplexed 
streams are the same. 

In the future, a configuration in which AMC is performed 
for each antenna will be essential in order to improve the 
transmission efficiency of transmission scheme using MIMO 
spatial-multiplexing. 

There are consequently hopes for an MLD arithmetic cal 
culation apparatus that Supports the kind of modulation 
scheme combinations shown in Table 1. 

It is an object of the present invention to provide a method 
and apparatus capable of performing MLD by means of a 
simple configuration in a receiving apparatus in a MIMO 
AMC system. 

Means for Solving the Problems 

One aspect of a multi-antenna transmitting apparatus of the 
present invention employs a configuration having a mapping 
section that maps data transmitted from different antennas in 
transmission scheme using MIMO spatial-multiplexing, to 
signal points shared by respective modulation schemes, and a 
transmitting section that transmits a modulated signal 
obtained by execution of mapping of the same or different 
modulation schemes by the mapping section, using multiple 
input multiple-output spatial-multiplexing scheme. 

According to this configuration, an arrangement of base 
band signal points obtained by mapping a channel encoded 
codeword to an IQ (In-phase versus Quadrature) plane com 
prises signal points shared by modulation schemes, and there 
fore a receiving apparatus need not provide a circuit that 
performs MLD arithmetic calculation according to a combi 
nation of modulation schemes of MIMO spatial-multiplexed 
signals. For example, if the signal points of respective modu 
lation schemes are all shared, MLD candidate signal points 
are only signal points of a modulation scheme with the maxi 
mum M-ary modulation value. Therefore, an MLD circuit 
required by a receiving apparatus need only be a circuit that 
performs MLD arithmetic calculation for a combination of 
modulation schemes with the maximum M-ary modulation 
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value. As a result, the circuit scale of an MLD arithmetic 
calculation circuit required by a receiving apparatus in a 
communication system using MIMO-AMC can be reduced. 
One aspect of a multi-antenna receiving apparatus of the 

present invention employs a configuration having a receiving 
section that receives spatial-multiplexed signals transmitted 
by a multi-antenna transmitting apparatus at a plurality of 
antennas, a channel estimation section that estimates the con 
dition of a communication channel traversed by the spatial 
multiplexed signals, and an MLD arithmetic calculation sec 
tion that performs MLD arithmetic calculation using a 
channel estimation value from the channel estimation section 
and also using only signal points shared by respective modu 
lation schemes as candidate signal points. 

Advantageous Effect of the Invention 

By employing a configuration of the present invention, an 
MLD arithmetic calculation apparatus that Supports combi 
nations of modulation schemes arising in a MIMO-AMC 
system can be provided, and a multi-antenna transmitting 
apparatus can be implemented that enables the configuration 
of an MLD arithmetic calculation apparatus to be simplified. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing a configuration of a 
conventional base station; 

FIG. 2 is a drawing showing a transmit frame configura 
tion; 

FIG. 3 is a block diagram showing a configuration of a 
conventional base station; 

FIG. 4 is a drawing provided to explain source signal 
points, normalization coefficients, and baseband signal point 
constellations; 

FIG. 5 is a block diagram showing a configuration of a 
terminal of Embodiment 1; 

FIG. 6 is a drawing showing stream quality notification 
frame configurations, in which (a) is a drawing showing a 
frame configuration when transmission scheme using MIMO 
spatial-multiplexing is not performed and (b) is a drawing 
showing a frame configuration when transmission scheme 
using MIMO spatial-multiplexing is performed; 

FIG. 7 is a block diagram showing a configuration of an 
MLD arithmetic calculation section; 

FIG. 8 is a block diagram showing a configuration of a base 
station of Embodiment 2: 

FIG. 9 is a block diagram showing a configuration of a 
terminal of Embodiment 2: 

FIG. 10 is a drawing provided to explain mapping accord 
ing to Embodiment 2, in which (a) and (c) are drawings 
showing source signal points and sharing coefficients, and (b) 
and (d) are drawings showing baseband signal point constel 
lations; 

FIG. 11 is a block diagram showing a configuration of a 
base station of Embodiment 2: 

FIG. 12 is a block diagram showing a configuration of a 
16QAM-16QAM MLD arithmetic calculation section; 

FIG. 13 is a drawing showing adaptive modulation control 
section table contents; 

FIG. 14 is a drawing showing the average power of signals 
modulated using the baseband signal points in FIG. 10, in 
which (a) is a drawing showing the average power of a pilot 
signal and 16QAM modulated signal when the signal points 
in FIGS. 10(b) and (d) are used, and (b) through (e) are 
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8 
drawings showing the average power of a pilot signal and 
QPSK modulated signal when the signal points in FIGS. 
10(b) and (d) are used; 

FIG. 15 is a drawing provided to explain a dynamic range 
of an amplification level found by an amplification power 
control section; 

FIG. 16 is a block diagram showing a configuration of a 
base station of Embodiment 3: 

FIGS. 17(a) through (d) are drawings showing BPSK map 
ping of Embodiment 3: 

FIGS. 18(a) and (b) are drawings showing QPSK mapping 
of Embodiment 3: 

FIG. 19 is a drawing showing 16QAM mapping of 
Embodiment 3: 

FIG. 20 is a drawing provided to explain baseband signal 
point sharing processing according to Embodiment 3: 

FIG. 21 is a block diagram showing a configuration of a 
base station of Embodiment 4: 

FIG.22A(a) through (d) are drawings showing BPSK map 
ping of Embodiment 4: 

FIG.22B(e)through (h) are drawings showing BPSK map 
ping of Embodiment 4: 

FIG. 23A(a) through (d) are drawings showing QPSK 
mapping of Embodiment 4: 

FIG. 23(e) through (h) are drawings showing QPSK map 
ping of Embodiment 4: 

FIG. 24 is a drawing showing 16QAM mapping of 
Embodiment 4: 
FIG.25 is a drawing showing mapping of Embodiment 5; 
FIG. 26 is a block diagram showing a configuration of an 

MLD arithmetic calculation section of Embodiment 5; 
FIG. 27 is a block diagram showing a configuration of a 

terminal of Embodiment 6: 
FIG. 28 is a block diagram showing a configuration of a 

base station of Embodiment 6: 
FIG. 29 is a block diagram showing a configuration of a 

base station of Embodiment 6: 
FIG. 30(a) through (e) are drawings provided to explain 

feedback phase information reduction according to Embodi 
ment 6: 

FIG. 31A(a) through (f) are drawings provided to explain 
feedback phase information reduction according to Embodi 
ment 6: 

FIG. 31B(g) through (l) are drawings provided to explain 
feedback phase information reduction according to Embodi 
ment 6: 

FIG. 32(a) is a drawing provided to explain phase infor 
mation quantization according to Embodiment 6, and FIG. 
32(b) is a drawing provided to explain amplitude ratio quan 
tization according to Embodiment 6: 

FIG. 33 is a block diagram showing a configuration of a 
base station of Embodiment 6: 

FIG.34(a) through (c) are drawings showing three patterns 
in which the modulation signal point sharing method differs 
between 64QAM and 16QAM; and 

FIG. 35 is a block diagram showing a configuration of a 
terminal of Embodiment 6. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiments of the present invention will now be 
described in detail with reference to the accompanying draw 
ings. 

Embodiment 1 

In Embodiment 1, a MIMO-AMC receiving apparatus is 
described. That is to say, in Embodiment 1, a receiving appa 
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ratus in a MIMO-AMC system performs spatial-multiplexed 
signal detection using MLD. In this embodiment, a configu 
ration whereby a terminal performs signal detection by means 
of MLD is described. A terminal of this embodiment per 
forms detection of a spatial multiplexed signal by means of 5 
MLD in a MIMO-AMC system by being provided with an 
MLD arithmetic calculation apparatus that Supports combi 
nations of modulation schemes applied to MIMO streams. 
The configuration of a terminal according to this embodi 

ment is shown in FIG. 5. In this embodiment, a case is 
described by way of example in which the number of MIMO 
spatial-multiplexed streams is two, and QPSK (Quadrature 
Phase Shift Keying) and ISOAM (Quadrature Amplitude 
Modulation) are used as modulation schemes. 
A terminal supporting MIMO-AMC will now be described 

with reference to FIG. 5. Terminal 200 receives a spatial 
multiplexed signal transmitted by base station 100 (FIG. 1). 
First, terminal 200 converts a received frame (received 
stream) to a handleable frequency band by means of radio 
section 203. Radio section203 also finds a sliding correlation 
with a preamble signal of the received frame, and detects a 
time at which a peak appears in the preamble signal correla 
tion value as received frame synchronization timing. 

Channel estimation section 208 estimates channel fluctua 
tion undergone by streams #A and #Busing a pilot signal in 
the received frame. The Equation (3) or Equation (5) method 
may be used as the channel estimation method. By this means, 
a channel estimation value can be obtained. Mode control 
section 209 obtains information on modulation schemes and 
code rates applied to the received frame from stream #A and 
stream #B modulation Scheme notification signals and coding 
rate notification signals. 
QPSK-QPSKMLD arithmetic calculation section 204, 

QPSK-16QAM MLD arithmetic calculation section 205, 
16QAM-QPSKMLD arithmetic calculation section 206, and 
16QAM-16QAM MLD arithmetic calculation section 207 
perform detection (separation) of stream #A and #B signals 
spatial-multiplexed in the received frame. 

Here, QPSK-QPSK MLD arithmetic calculation section 
204 performs signal detection by means of MLD when a 
combination of QPSK and QPSK is used as a candidate signal 
point combination of stream #A and stream #B. That is to say, 
QPSK-QPSKMLD arithmetic calculation section 204 finds a 
square Euclidean distance when a QPSK signal point is used 
for S and a QPSK signal point is used for S as a candidate 
signal point S combination in Equation (7), and takes a can 
didate signal point combination for which this square Euclid 
ean distance is a minimum as a detection result. 

Similarly, QPSK-16QAM MLD arithmetic calculation 
section 205 finds a square Euclidean distance using a QPSK 
signal point for S and a 16 QAM signal point for S as a 
candidate signal point combination in Equation (7) 16QAM 
QPSK MLD arithmetic calculation section 206 using a 16 
QAM signal point for S and a QPSK signal point for s, and 
16QAM-16QAM MLD arithmetic calculation section 207 
using a 16QAM signal point fors and a 16QAM signal point 
for S. A candidate signal point combination for which the 
calculated Square Euclidean distance is a minimum is taken as 
a detection result. MLD arithmetic calculation sections 204, 
205, 206, and 207 perform MLD arithmetic calculation using 
a channel estimation value from channel estimation section 
208. 
Of the outputs of MLD arithmetic calculation sections 204, 

205, 206, and 207, signal selection section 210 selects that 
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10 
obtained by mode control section 209 for this selection. For 
example, if the modulation schemes applied to stream #A and 
stream iB are QPSK and QPSK, signal selection section 210 
selects the output from QPSK-QPSKMLD arithmetic calcu 
lation section 204. 

Thus, signal selection section 210 output that has under 
gone MLD is selected using candidate signal points of the 
modulation schemes applied to stream #A and stream #B. By 
this means, a selected signal is one for which signal selection 
has been performed by means of MLD corresponding to the 
modulation schemes applied to respective streams of a 
received frame. 

Stream quality measurement section 211 measures signal 
detected stream reception quality. Here, stream quality rep 
resents a stream reception condition, and therefore an SINR 
(Signal to Interference and Noise power Ratio), received sig 
nal power, or the like is used, for example. In order to Support 
MIMO-AMC, terminal 200 feeds back measured stream 
reception quality to base station 100. For this purpose, termi 
nal 200 configures a frame including measured reception 
quality information by means of frame configuration section 
215, and feeds back the configured frame to base station 100. 
Frame configuration section 215 configures a frame that 

includes stream quality information. The configuration of a 
stream quality notification frame is as shown in FIG. 6(a). In 
a stream quality notification frame, a preamble signal is 
inserted in time 1, a pilot signal for stream quality notification 
in time 2, and stream #A and #B quality notification signals 
(reception quality information) in time 3 and time 4. 
The stream quality notification frame is converted to a 

radio signal by radio section 203, and fed back to base station 
100 from antenna section 201. In the terminal 200 configu 
ration shown in FIG. 5, a case in which a stream quality 
notification frame is fed back without undergoing transmis 
sion scheme using MIMO spatial-multiplexing is shown as an 
example, but stream quality may also be fed back to base 
station 100 using MIMO spatial-multiplexing. In this case, 
however, a stream quality notification frame must be compat 
ible with transmission scheme using MIMO spatial-multi 
plexing. An example of Such a frame configuration is shown 
in FIG. 6 (b). 
An example of a stream quality notification frame configu 

ration when stream quality is fed back using MIMO spatial 
multiplexing will now be described using FIG. 6 (b). In time 
1, a preamble signal is inserted in stream #A. In time 2, a pilot 
signal is inserted in stream #A. In time 3, a pilot signal is 
inserted in stream #B. In time 4, signals giving notification of 
stream #A and stream #B reception quality are inserted. 

FIG. 7 shows an example of the configuration of an MLD 
arithmetic calculation section when a receiving apparatus 
performs spatial-multiplexed signal detection by means of 
MLD in a MIMO-AMC system. 

In the MLDarithmetic calculation section shown in FIG.7, 
a channel estimation value is multiplied by a candidate signal 
point. QPSK candidate signal point multiplication section 
215 multiplies channel estimation value h by a QPSK 
modulation scheme candidate signal point. 16QAM candi 
date signal point multiplication section 216 multiplies chan 
nel estimation value h by a 16QAM modulation scheme 
candidate signal point. This corresponds to an his arith 
metic calculation in Equation (7). 

Similarly, QPSK candidate signal point multiplication sec 
tion 217 and 16QAM candidate signal point multiplication 
section 218 multiply channel estimation valueh by QPSK 
and 16QAM modulation scheme candidate signal points 
respectively; QPSK candidate signal point multiplication 
section 219 and 16QAM candidate signal point multiplica 
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tion section 220 multiply channel estimation value he by 
QPSK and 16QAM modulation scheme candidate signal 
points respectively; and QPSK candidate signal point multi 
plication section 221 and 16QAM candidate signal point 
multiplication section 222 multiply channel estimation value 
h by QPSK and 16QAM modulation scheme candidate 
signal points respectively. These correspond to his his 
and has, arithmetic calculations in Equation (7). 
QPSK-QPSK y replica generation section 223 performs 

replica signal generation when the combination of modula 
tion schemes of the respective streams is QPSK-QPSK, using 
QPSK candidate signal point multiplication section 215 and 
217 outputs. This corresponds to an h S+h s, arithmetic 
calculation in Equation (7). Similarly, QPSK-QPSKy, rep 
lica generation section 224 performs replica signal generation 
when the combination of modulation schemes of the respec 
tive streams is QPSK-QPSK, using QPSK candidate signal 
point multiplication section 219 and 221 outputs. This corre 
sponds to an his.--h22 s, arithmetic calculation in Equation 
(7). 
Then QPSK-16QAM y replica generation section 225 

adds together QPSK candidate signal point multiplication 
section 215 and 16QAM candidate signal point multiplica 
tion section 218 outputs, and generates a replica signal. 
QPSK-16QAM y replica generation section 226 adds 
together QPSK candidate signal point multiplication section 
219 and 16QAM candidate signal point multiplication sec 
tion 222 outputs, and generates a replica signal. 16QAM 
QPSK y replica generation section 227 adds together 
16QAM candidate signal point multiplication section 216 
and QPSK candidate signal point multiplication section 217 
outputs, and generates a replica signal. 
16QAM-QPSK y, replica generation section 228 adds 

together 16QAM candidate signal point multiplication sec 
tion 220 and QPSK candidate signal point multiplication 
section 221 outputs, and generates a replica signal. 16QAM 
16QAM y replica generation section 229 adds together 
16QAM candidate signal point multiplication section 216 
and 16QAM candidate signal point multiplication section 
218 outputs, and generates a replica signal. 16QAM-16QAM 
y replica generation section 230 adds together 16QAM can 
didate signal point multiplication section 220 and 16QAM 
candidate signal point multiplication section 222 outputs, and 
generates a replica signal. 
QPSK-QPSK square Euclidean distance arithmetic calcu 

lation section 231 finds a square Euclidean distance using 
received signalsy and y, and QPSK-QPSKy replica gen 
eration section 223 and QPSK-QPSK y replica generation 
section 224 outputs. This corresponds to finding a square 
Euclidean distance when the combination of modulation 
schemes of the respective streams is QPSK-QPSK, corre 
sponding to performing a ly-(his,+hase)--ly-(his,+ 
h22s) arithmetic calculation in Equation (7). 

Similarly, QPSK-16QAM square Euclidean distance arith 
metic calculation section 232 finds a square Euclidean dis 
tance using received signalsy andy, and QPSK-16QAMy 
replica generation section 225 and QPSK-16QAMy replica 
generation section 226 outputs; 16QAM-QPSK square 
Euclidean distance arithmetic calculation section 233 finds a 
square Euclidean distance using received signals y and y, 
and 16QAM-QPSK y replica generation section 227 and 
16QAM-QPSK y replica generation section 228 outputs; 
and 16QAM-16QAM square Euclidean distance arithmetic 
calculation section 234 finds a square Euclidean distance 
using received signals y and y, and 16QAM-16QAM y 
replica generation section 229 and 16QAM-16QAMy rep 
lica generation section 230 outputs. 
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QPSK-QPSK signal detection section 235 selects a candi 

date signal point used to generate the minimum square 
Euclidean distance among the square Euclidean distances 
found by QPSK-OPSK square Euclidean distance arithmetic 
calculation section 231, and outputs the selected candidate 
signal point. Similarly, QPSK-16QAM signal detection sec 
tion 236 selects a candidate signal point that generates a 
minimum QPSK-16QAM square Euclidean distance arith 
metic calculation section 232 output, and outputs the selected 
candidate signal point. 16QAM-QPSK signal detection sec 
tion 237 selects a candidate signal point that generates a 
minimum 16QAM-QPSK square Euclidean distance arith 
metic calculation section 233 output, and outputs the selected 
candidate signal point. 16QAM-16QAM signal detection 
section 238 selects a candidate signal point that generates a 
minimum 16QAM-16QAM square Euclidean distance arith 
metic calculation section 234 output, and outputs the selected 
candidate signal point. By this means, signal detection can be 
performed by means of MLD corresponding to a combination 
of stream modulation schemes. 

Since there is actually one combination of modulation 
schemes applied to streams, it is necessary to select an output 
corresponding to a stream modulation scheme from among 
the outputs of signal detection sections 235 through 238. 
Signal selection section 210 selects an MLD arithmetic cal 
culation result corresponding to modulation schemes applied 
to the streams based on a mode control signal. For example, if 
QPSK and QPSK modulation schemes are applied to stream 
#A and stream #B respectively, signal selection section 210 
selects the output from QPSK-QPSK signal detection section 
235. 
An important point of this embodiment is that a terminal is 

provided with a configuration that generates a replica signal 
using a candidate signal point corresponding to a modulation 
scheme applied to a MIMO stream. That is to say, the fact that 
a terminal is provided with a configuration that Substitutes 
candidate signal points corresponding to modulation 
schemes applied to MIMO streams for candidate signal 
points s, and S, when replica signal terms his.--has, and 
his+hs, shown in Equation (7) are generated is important. 

For example, if a terminal is provided with a configuration 
that substitutes QPSK and 16QAM modulation scheme can 
didate signal points respectively for sands, and finds terms 
his has his, and has, as shown in this embodiment, it 
is possible to generate a replica signal when modulation 
schemes applied to streams are different by combining and 
adding these. MLD arithmetic calculation can be performed 
by finding a square Euclidean distance of a received signal 
from a replica signal found in this way, and taking a candidate 
signal point that generates a minimum square Euclidean dis 
tance that is found as a signal detection result. 
As described above, a terminal can perform signal detec 

tion by means of MLD in a MIMO-AMC system by being 
provided with MLD arithmetic calculation sections corre 
sponding to combinations of modulation schemes applied to 
StreamS. 

Embodiment 2 

This embodiment enables an MLD arithmetic calculation 
apparatus supporting a MIMO-AMC system to be configured 
in a simpler way. This embodiment simplifies an MLD arith 
metic calculation apparatus in a receiving apparatus by shar 
ing signal points of a modulation scheme applied to a MIMO 
stream among modulation schemes. 
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One aspect of a multi-antenna transmitting apparatus of 
this embodiment employs a configuration having a mapping 
section that maps data transmitted from different antennas in 
a transmission scheme using MIMO spatial-multiplexing, to 
signal points shared by respective modulation schemes, and a 
transmitting section that transmits a modulated signal 
obtained by execution of mapping of the same or different 
modulation schemes by the mapping section, using transmis 
sion scheme using MIMO spatial-multiplexing scheme. 

According to this configuration, an arrangement of base 
band signal points obtained by mapping a channel encoded 
codeword to an IQ (In-phase versus Quadrature) plane com 
prises signal points shared by modulation schemes, and there 
fore a receiving apparatus need not provide a circuit that 
performs MLD arithmetic calculation according to a combi 
nation of modulation schemes of MIMO spatial-multiplexed 
signals. For example, if the signal points of respective modu 
lation schemes are all shared, MLD candidate signal points 
are only signal points of a modulation scheme with the maxi 
mum M-ary modulation value. Therefore, an MLD circuit 
required by a receiving apparatus need only be a circuit that 
performs MLD arithmetic calculation for a combination of 
modulation schemes with the maximum M-ary modulation 
value. As a result, the circuit scale of an MLD arithmetic 
calculation circuit required by a receiving apparatus in a 
communication system using MIMO-AMC can be reduced. 
One aspect of a multi-antenna receiving apparatus of this 

embodiment employs a configuration having a receiving sec 
tion that receives spatial-multiplexed signals transmitted by a 
multi-antenna transmitting apparatus at a plurality of anten 
nas, a channel estimation section that estimates the condition 
of a communication channel traversed by the spatial-multi 
plexed signals, and an MLD arithmetic calculation section 
that performs MLD arithmetic calculation using a channel 
estimation value from the channel estimation section and also 
using only signal points shared by respective modulation 
schemes as candidate signal points. 

According to the above aspect, the configuration of an 
MLDarithmetic calculation circuit of a receiving apparatus in 
a MIMO-AMC system can be simplified. 

This embodiment will now be described in detail using 
accompanying drawings. 

FIG. 8 shows a configuration of a base station according to 
this embodiment, and FIG. 9 shows a configuration of a 
terminal according to the present embodiment. As an 
example, the modulation schemes used in this embodiment 
are assumed to be QPSK and 16QAM. Also, as an example, 
the M-ary modulation value is assumed to be 2. Items in a 
configuration of this embodiment that have the same kind of 
function as in the configuration in FIG. 1 are assigned the 
same names and numbers as in FIG. 1. First, a configuration 
of this embodiment will be described. 

In FIG. 8, information code is input to base station 400. 
Serial/parallel conversion section 101 performs processing 
that arranges the information code input to base station 400 
into parallel form from serial form. For example, serial/par 
allel conversion section 101 outputs information code that is 
input at a particular time to encoding section 102, and outputs 
information code that is input at the next time to encoding 
section 103. By this means, serial/parallel conversion section 
101 arranges information code into parallel form from serial 
form. 

Encoding sections 102 and 103 perform channel encoding 
of input information code. A block code, convolutional code, 
or the like may be used in channel encoding. Encoding sec 
tions 102 and 103 can perform channel encoding using a 
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plurality of coding rates, and which coding rate is used for 
encoding is controlled by adaptive modulation control sec 
tion 113. 
Common signal point mapping sections 401 and 402 map 

a channel encoded codeword. Codeword mapping according 
to this embodiment is as shown in FIG. 10(b) or FIG. 10(d). 
When the mapping shown in FIG. 10(b) is performed by 

common signal point mapping sections 401 and 402, it a 
modulation scheme applied to a stream is QPSK, mapping is 
performed to a QPSK signal point corresponding to an input 
codeword. For example, if the input codeword is 01, this is 
mapped to (-3/v10.3/v10). 

If a modulation scheme applied to a stream is 16QAM, 
mapping is performed to a 16QAM signal point correspond 
ing to an input codeword. For example, if the input codeword 
is 0010), this is mapped to (-3/v10.3/V10). The same kind of 
operation is also performed when common signal point map 
ping sections 401 and 402 perform the mapping shown in 
FIG. 10(d). 

In this way, output of encoding sections 102 and 103 is 
mapped to an IQ plane, and output of common signal point 
mapping sections 401 and 402 becomes a baseband signal 
point. A modulation scheme of mapping performed on output 
of encoding sections 102 and 103 by common signal point 
mapping sections 401 and 402 is controlled by adaptive 
modulation control section 113. 
Frame configuration sections 106 and 107 configure a 

frame such as shown in FIG. 2. That is to say, in time 1, frame 
configuration section 106 inserts a preamble signal in stream 
#A, and frame configuration section 107 inserts a null signal 
in stream #B. An M sequence or the like is used as a preamble 
signal here. 
A null signal is referred to as a “void signal. In time 2, a 

pilot signal is inserted in Stream #A. This pilot signal is a 
signal mapped to the pilot signal point shown in FIG.10(b) or 
FIG. 10(d). 

In time 2, a null signal is inserted in stream #B. In time 3, 
a null signal is inserted in stream #A, and a pilot signal is 
inserted in stream H.B. In times 4, 5, 6, and 7, a stream HA 
modulation scheme notification signal, stream #B modula 
tion scheme notification signal, stream #A coding rate noti 
fication signal, and stream #B coding rate notification signal, 
respectively, are inserted in stream #A, and a null signal is 
inserted in stream #B. 

In time 8 onward, frame configuration sections 106 and 
107 insert a modulated signal in each stream for the length of 
the stream. The modulation scheme notification signals and 
coding rate notification signals inserted by frame configura 
tion sections 106 and 107 are controlled by adaptive modu 
lation control section 113 so as to correspond to the respective 
StreamS. 

Since a frame configured by frame configuration sections 
106 and 107 is a baseband signal, radio section 108 converts 
this frame to a continuous waveform of a frequency band used 
in communication. That is to say, radio section 108 up-con 
verts a signal resulting from filtering a baseband signal and 
converting it to an analog waveform to a signal of a frequency 
band used in communication. 

Power control sections 109 and 110 control the power of 
radio section 108 output. This output power is decided by 
adaptive modulation control section 113. Radio section 108 
output signal power is controlled so as to be approximately 
equal for each stream. Signals generated in this way are 
spatial-multiplex transmitted from antennas 111 and 112. 

Next, the configuration of terminal 500 in FIG. 9 will be 
described. Terminal 500 detects a signal of each stream 
included in a received spatial-multiplexed signal by means of 
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MLD. First, radio section 203 converts a received frame to a 
signal of a frequency band handled the terminal. Then radio 
section 203 finds a sliding correlation with a preamble signal 
in the down-converted received frame, and detects a time at 
which the correlation value is at a peak as synchronization 
timing. Radio section 203 performs received frame synchro 
nization in this way. 

Channel estimation section 208 estimates channel fluctua 
tion undergone by a received frame using a pilot signal in the 
received frame. A channel estimation value can be obtained 
by using a channel fluctuation estimation method Such as 
shown in Equation (3) or Equation (5). 
Mapping selection section 502 obtains information on 

modulation schemes applied to a received frame from stream 
#A and #B modulation scheme notification signals included 
in the frame. From the modulation scheme information, map 
ping selection section 502 decides a candidate signal point 
used by 16QAM-16QAM MLD arithmetic calculation sec 
tion 501. 
16QAM-16QAM MLD arithmetic calculation section 501 

finds the square Euclidean distance shown in Equation (7) for 
all 16QAM signal point combinations. That is to say, 
16QAM-16QAM MLD arithmetic calculation section 501 
substitutes combinations of all 16QAM modulation scheme 
candidate signal point combinations for S. S. in Equation (7). 
and finds a square Euclidean distance. 

Here, since baseband signal points of each modulation 
scheme are shared by means of common signal point map 
ping sections 401 and 402 of base station 400, a square 
Euclidean distance found from a candidate signal point cor 
responding to a modulation scheme applied to a frame is a 
square Euclidean distance desired to be found. For example, 
if a modulation scheme applied to a received frame is 
16QAM, 16QAM-16QAM MLD arithmetic calculation sec 
tion 501 can compute square Euclidean distances using all 
candidate signal point combinations, and take a candidate 
signal point that generates a minimum square Euclidean dis 
tance among these as a signal detection result. 
On the other hand, if a modulation scheme applied to a 

received frame is QPSK, 16QAM-16QAM MLD arithmetic 
calculation section 501 selects a signal point corresponding to 
a QPSK signal point among 16QAM baseband signal points. 
Then 16QAM-16QAM MLD arithmetic calculation section 
501 computes Square Euclidean distances using a square 
Euclidean distance for this selected signal point, and takes a 
candidate signal point that generates a minimum square 
Euclidean distance among these as a signal detection result. 
To continue with the description of FIG. 9, stream quality 

measurement section 211 measures detected stream quality, 
and feeds back the measurement result to base station 400. 
Here, stream quality represents a stream reception condition, 
and therefore an SINR (Signal to Interference and Noise 
power Ratio), received signal power, or the like is used, for 
example. In order to support MIMO-AMC, terminal 500 
feeds back measured stream reception quality information to 
base station 400. For this purpose, terminal 500 configures a 
frame including measured reception quality information, and 
feeds this back to base station 400. 

Frame configuration section 215 configures a frame that 
includes stream quality information. The configuration of a 
stream quality notification frame is as shown in FIG. 6(a). In 
a stream quality notification frame, a preamble signal is 
inserted in time 1, a stream quality notification frame pilot 
signal in time 2, and stream #A and HB quality notification 
signals (reception quality information) in time 3 and time 4. 
The stream quality notification frame is converted to a 

radio signal by radio section 203, and fed back to base station 
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400 from antenna section 201. In the terminal configuration 
shown in FIG.9, a case in which a stream quality notification 
frame is fed back without undergoing transmission scheme 
using MIMO spatial-multiplexing is shown as an example, 
but stream quality may also be fed back to the base station 
using MIMO spatial-multiplexing. In this case, however, a 
stream quality notification frame must be compatible with 
transmission scheme using MIMO spatial-multiplexing. An 
example of such a frame configuration is shown in FIG. 6 (b). 
An example of a stream quality notification frame configu 

ration when stream quality is fed back using MIMO spatial 
multiplexing will now be described using FIG. 6 (b). In time 
1, a preamble signal is inserted in stream #A. In time 2, a pilot 
signal is inserted in stream #A, and in time 3, a pilot signal is 
inserted in stream #B. In time 4, signals giving notification of 
stream #A and stream #B reception quality are inserted. 

Next, adaptive modulation in base station 400 correspond 
ing to terminal 500 reception quality will be described. 

Base station 400 receives a stream quality notification 
frame fed back from terminal 500, and performs adaptive 
modulation based on this. Adaptive modulation control sec 
tion 113 has a table associating stream quality with a modu 
lation scheme and coding rate. Adaptive modulation control 
section 113 controls adaptive modulation using this table. 

That is to say, the table contains modulation scheme and 
coding rate combinations that improve transmission effi 
ciency according to stream quality. For example, combina 
tions of code rate, modulation scheme, and transmission 
power that improve transmission efficiency may be set 
beforehand for received stream SINR values as shown in FIG. 
13. 

Adaptive modulation control section 113 controls encod 
ing sections 102 and 103 and common signal point mapping 
sections 401 and 402 So as to perform channel encoding and 
mapping using a coding rate and modulation scheme corre 
sponding to a received stream quality signal. Also, adaptive 
modulation control section 113 controls frame configuration 
sections 106 and 107 so that stream HA and HB modulation 
scheme notification signals and coding rate notification sig 
nals correspond to a transmitted frame. 

Base station 400 converts a frame configured as described 
above to a radio signal, and transmits it. Thereafter, terminal 
500 similarly receives a frame transmitted by base station 
400, and performs the same kind of reception operation as 
described above. 
The base station configuration is not limited to that shown 

in FIG. 8, and the configuration shown in FIG. 11, for 
example, may also be used. Employing the configuration of 
base station 600 shown in FIG. 11 also enables baseband 
signal point constellations of respective modulation schemes 
to be shared in the same way as with the configuration in FIG. 
8. 

Base station 600 shown here in FIG. 11 has a configuration 
resembling that of base station 300 shown in FIG. 3. How 
ever, a clear difference between base station 600 of this 
embodiment and base station 300 in FIG.3 lies in the coeffi 
cients by which mapped source signal points are multiplied. 
In base station 300, a source signal point was multiplied by a 
normalization coefficient in order to normalize the Source 
signal point. 

In contrast, base station 600 of this embodiment multiplies 
Source signal points by a sharing coefficient by means of 
sharing coefficient multiplication sections 601 and 602 in 
order to share baseband signal points. The coefficients mul 
tiplied by at this time are the sharing coefficients for source 
signal points shown in FIG. 10(a) and FIG. 10(c). The base 
band signal point constellations shown in FIG.10(b) and FIG. 
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10(d) are obtained by multiplying the source signal points 
shown in FIG. 10(a) and FIG. 10(c) by the sharing coeffi 
cients shown. Thus, using base station 600 enables baseband 
signal point constellations of respective modulation schemes 
to be shared in the same way as with base station 400. 

This concludes a description of configurations of this 
embodiment. 

Next, an important point of this embodiment will be 
explained. 
An important point of this embodiment is that signal points 

ofmapping executed on transmission streams when transmis 
sion scheme using MIMO spatial-multiplexing is performed 
are shared by modulation schemes. For example, QPSK map 
ping signal points are shared with 16QAM mapping signal 
points as shown in FIG. 10(b) and FIG. 10(d). 

Sharing of mapping signal points here does not mean shar 
ing of Source signal points. When source signal points are 
used, mapping is performed so that baseband signal points are 
shared after source signal points are multiplied by a sharing 
coefficient, as shown in FIG. 10 (b). Following this, a base 
station of this embodiment transmits streams on which map 
ping has been executed using shared baseband signal points. 
By performing mapping using shared baseband signal points 
in this way, square Euclidean distances that need to be found 
by means of MLD arithmetic calculation in a terminal can be 
shared. 
A detailed description is given below of MLD arithmetic 

calculation in a terminal when baseband signal points are 
shared in a base station. 

Terminal 500 receives streams in which shared mapping 
has been executed on baseband signal points. The configura 
tion of 16QAM-16QAM MLD arithmetic calculation section 
501 in terminal 500 is shown in FIG. 12. The procedure is as 
follows when signal detection is performed by means of MLD 
in 16QAM-16QAMMLDarithmetic calculation section 501. 
16QAM-16QAM MLD arithmetic calculation section 501 

has received signalsy andy as input from radio section203. 
Also, 16QAM-16QAM MLD arithmetic calculation section 
501 generates received signal replicas using channel estima 
tion Values h. h. h., and h, obtained by channel esti 
mation section 208. Received signal replicas generated here 
are only those using 16QAM modulation mapping. 

This will now be described in detail. Channel estimation 
value his multiplied by a signal point of mapping used in 
16QAM modulation by 16QAM candidate signal point mul 
tiplication section 216. Output from 16QAM candidate signal 
point multiplication section 216 is his in Equation (7). 
However, since there are 16 possibilities for candidate signal 
points, there are also 16 possibilities for 16QAM candidate 
signal point multiplication section 216 output his. Herein 
after, his representing this 16-possibility output his is 
written as his, (where i=1,2,..., 16). Here, S, is a variable 
representing 16 possible 16QAM modulation scheme candi 
date signal points. 

In a similar way, 16QAM candidate signal point multipli 
cation sections 218, 220, and 222 multiply channel estimation 
values ha, h, and h, respectively, by 16-possibility 
16QAM candidate signal points. 16QAM candidate signal 
point multiplication section 220 output is has, and 16QAM 
candidate signal point multiplication section 218 and 222 
outputs are has, and has, respectively (wherej=1,2,..., 16). 
16QAM-16QAM y replica generation section 229 and 
16QAM-16QAMy replica generation section 230 generate 
received signal replicas using his, has, his, and has, 
respectively. 16QAM-16QAMy replica generation section 
229 generates a received signal replica shown in Equation (8), 
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and 16QAM-16QAMy replica generation section 230 gen 
erates a received signal replica shown in Equation (9). 

16QAM-16QAM square Euclidean distance arithmetic 
calculation section 234 computes a square Euclidean distance 
from 16QAM-16QAMy replica generation section 229 and 
16QAM-16QAM y replica generation section 230 outputs 
and received signals y and y. Found square Euclidean dis 
tances are as shown in Equation (10). 
10 

(Equation 8) 

(Equation 9) 

E-lyi-y-Fly-2, (i,i-1,2,... 16) (Equation 10) 
16QAM-16QAM signal detection section 503 performs 

received signal detection Signal detection here is performed 
as follows. 16QAM-16QAM signal detection section 503 has 
a square Euclidean distance as input from 16QAM-16QAM 
square Euclidean distance arithmetic calculation section 234. 
16QAM-16QAM signal detection section 503 outputs a com 
bination of candidate signal points that generate a minimum 
square Euclidean distance that is inputted as a detection 
result. Here, a combination of candidate signal points repre 
sents an s,s, combination, and in the case of a combination of 
a 16QAM modulation scheme and 16QAM modulation 
scheme, there are 256 (=16x16) possible candidate signal 
point combinations. 
A square Euclidean distance used here is controlled by a 

mapping selection signal. For example, if the combination of 
modulation schemes applied in the base station is a 16QAM 
modulation scheme and a 16QAM modulation scheme, all 
square Euclidean distances found by 16QAM-16QAM 
square Euclidean distance arithmetic calculation section 234 
may be used as a square Euclidean distance. 
On the other hand, if the combination of modulation 

schemes applied in the base station includes QPSK, used 
square Euclidean distances are punctured. For example, to 
consider a case in which mapping is performed using the 
baseband signal points shown in FIG.10(b), if the four QPSK 
baseband signal points 00, OT 10111 shown in FIG. 
10(b) are taken as S. S. S. S. 16QAM-16QAM signal detec 
tion section 503 punctures square Euclidean distances com 
puted using the other 12 points in performing signal detec 
tion. 

Square Euclidean distances generated from QPSK candi 
date signal points are equal to square Euclidean distances 
found from S1, S2, S3, S4 among candidate signal points corre 
sponding to 16QAM modulation. Thus, of square Euclidean 
distances found by 16QAM-16QAM square Euclidean dis 
tance arithmetic calculation section 234, those corresponding 
to square Euclidean distances found from S. S. S. S. can be 
taken as square Euclidean distances found from QPSK modu 
lation candidate signal points. 

Since 16QAM baseband signal points and QPSK baseband 
signal points are shared, a square Euclidean distance com 
puted using 16QAM baseband signal points can also be used 
as a square Euclidean distance corresponding to a QPSK 
baseband signal point. Thus, if the combination of modula 
tion schemes applied in the base station includes QPSK, 
square Euclidean distances computed using signal points not 
shared with QPSK baseband signal points are punctured. 

In other words, if a modulation scheme applied to a stream 
is QPSK, MLD arithmetic calculation can be performed using 
Square Euclidean distances computed using S1, S2, S. S. For 
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example, when the modulation scheme applied to stream #A 
is QPSK and the modulation scheme applied to stream iB is 
16QAM, the following square Euclidean distances should be 
found. 
11 

E=lyi-y’+ly2-y2 ° (i-1,2,3,4,j=1,2,... 16) (Equation 11) 
In Equation (11), i corresponds to stream #A and corre 

sponds to stream #B. Thus, square Euclidean distances can be 
found using those signal points among 16QAM modulation 
scheme signal points that are QPSK modulation scheme sig 
nal points. 
16QAM-16QAM signal detection section 503 outputs a 

candidate signal point combination that generates a minimum 
square Euclidean distance among shared square Euclidean 
distances as a detection result. 

From the above, in a case in which QPSK is used as a 
modulation scheme applied to a MIMO stream, also, MLD 
arithmetic calculation for a QPSK modulation scheme can be 
implemented by only an MLD arithmetic calculation circuit 
that uses candidate signal points corresponding to a 16QAM 
modulation scheme. 

Thus, in this embodiment, by performing mapping using 
shared baseband signal points of respective modulation 
schemes in a base station, Square Euclidean distances that 
need to be computed by a terminal are only those correspond 
ing to a 16QAM modulation scheme. 

According to this embodiment, the following effect can be 
obtained. 
By having a base station share signal points of modulation 

schemes applied to transmission streams when performing 
transmission scheme using MIMO spatial-multiplexing, the 
amount of MLD arithmetic calculation performed by a ter 
minal can be reduced compared with a case in which signal 
points are not shared by modulation schemes. 

That is to say, by sharing signal points of respective modu 
lation schemes, square Euclidean distances for signal points 
can be shared when MLD arithmetic calculation is performed 
by a terminal. Sharing square Euclidean distances eliminates 
the need to find square Euclidean distances for each modula 
tion scheme, and enables the scale of MLD arithmetic calcu 
lation to be reduced compared with a case in which signal 
points are not shared by modulation schemes. 
As described above, in this embodiment, sharing of base 

band signal points by respective modulation schemes is per 
formed in a communication system that uses MIMO-AMC. 
In this embodiment, mapping is performed using shared the 
baseband signal point constellation. Sharing of baseband sig 
nal points by respective modulation schemes makes it unnec 
essary to provide a configuration that performs MLD arith 
metic calculation according to a combination of modulation 
schemes in a receiving apparatus. In a configuration of this 
embodiment, it is only necessary to provide a configuration 
that performs MLD arithmetic calculation only according to 
a combination of modulation schemes having the maximum 
M-ary modulation value. Consequently, by employing a con 
figuration of this embodiment, the circuit scale of an MLD 
arithmetic calculation section in a receiving apparatus can be 
reduced. 

In this embodiment, a case has been described by way of 
example in which correspondence relationships between 
codewords and signal points is as shown in FIG. 10 (b) and 
FIG. 10(d), but correspondence relationships are not limited 
to these, the essential requirement being only that baseband 
signal points are shared by respective modulation schemes. 
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In this embodiment, a case has been described by way of 

example in which the MIMO spatial-multiplexing degree is 2, 
but the MIMO spatial-multiplexing degree is not limited to 2. 

Embodiment 3 

In Embodiment 2, an MLD arithmetic calculation appara 
tus in a communication system using MIMO-AMC was pro 
vided by means of a simple configuration. Embodiment 2 
provided a common configuration for MLD arithmetic calcu 
lation performed by a receiving apparatus by sharing the 
baseband signal point constellations of modulation schemes 
applied to respective streams. 

This embodiment relates to a communication system in 
which the transmission power of a transmit frame is con 
trolled. If sharing of baseband signal points is performed in a 
communication system in which the transmission power of a 
transmit frame is controlled, it is necessary to perform signal 
point sharing in Such a way as to prevent the communication 
system from being adversely affected while achieving shar 
ing of MLD arithmetic calculation in a receiving apparatus. 
The average power of signals modulated using the base 

band signal points shown in FIG.10 is shown in FIG. 14. FIG. 
14(a) shows the average power of a pilot signal and 16QAM 
modulated signal included in a stream #A modulated signal 
when the signal points in FIGS. 10(b) and (d) are used. As 
there is no variation in the sharing coefficient for a pilot signal 
and 16QAM modulated signal here, average transmission 
power is the same for both, and there is no particular problem. 

However, when the QPSK signal points shown in FIG. 
10(b) are used, the sharing coefficient is larger than the nor 
malization coefficient, and therefore the average power of a 
stream iB modulated signal is 9/5 times that of a pilot signal, 
as shown in FIG. 14(b). Thus, if the QPSK modulated signal 
transmission power is suppressed to the same level as that of 
a stream #A 16QAM modulated signal, the transmission 
power of a pilot signal of the same frame is also suppressed to 
a 5/9-times level. If the pilot signal transmission power is low, 
a sufficiently accurate channel estimation value cannot be 
obtained by a receiving apparatus, and therefore reception 
characteristics degrade. 
On the other hand, when the QPSK signal points shown in 

FIG.10(d) are used, the sharing coefficient is smaller than the 
normalization coefficient, and therefore the average power of 
a stream #B modulated signal is 1/5 that of a pilot signal, as 
shown in FIG. 14(d). If, at this time, the QPSK modulated 
signal transmission power is made the same level as that of a 
stream #A 16QAM modulated signal to prevent the CNR 
(Carrier to Noise power Ratio) of the QPSK modulated signal 
from becoming low, the pilot signal transmission power 
becomes 5 as shown in FIG. 14(e), and the dynamic range of 
the amplification level of a power control apparatus required 
by a transmitting apparatus becomes large. For example, an 
amplification apparatus having a characteristic of amplifying 
a pilot signal without distortion requires a wide amplification 
level dynamic range as shown in FIG. 15. Thus, an amplifi 
cation apparatus in a transmitting apparatus becomes expen 
S1V. 

In view of the above, it is desirable to implement signal 
point sharing in a communication system that uses MIMO 
AMC in Such a way as to prevent the communication system 
from being adversely affected while achieving MLD arith 
metic calculation configuration sharing in a receiving appa 
ratuS. 

This embodiment takes this point into consideration, and 
provides for the average transmission power to be of the same 
magnitude or of the same order of magnitude for each modu 
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lation scheme when signal point sharing is performed. By this 
means, transmit frame power control can be performed using 
a power control apparatus with a small amplification level 
dynamic range, with no degradation of the CNR of a modu 
lated signal or degradation of pilot signal reception charac 
teristics. 

This embodiment will now be described in detail using 
accompanying drawings. 

FIG.16, in which parts corresponding to those in FIG. 8 are 
assigned the same reference codes as in FIG. 8, shows a 
configuration of a base station of this embodiment. Base 
Station 700 differs from base Station 400 shown in FIG. 8 in 
the configuration of common signal point mapping sections 
701 and 702. Baseband signal mapping by common signal 
point mapping sections 701 and 702 will now be described. 

FIG. 17, FIG. 18, and FIG. 19 show mapping by common 
signal point mapping sections 701 and 702. FIG. 17 shows 
BPSK modulation scheme baseband signal mapping, FIG. 18 
shows QPSK modulation scheme baseband signal mapping, 
and FIG. 19 shows 16QAM modulation scheme baseband 
signal mapping. 
When mapping is performed using the 16QAM modula 

tion scheme baseband signal points shown in FIG. 19, the 
baseband level average power is 1. FIGS. 17(a) through (d) 
and FIGS. 18(a) and (b) show BPSK and QPSK modulation 
scheme baseband signal points shared with a 16QAM signal 
So as to have the same baseband level average power as this 
16QAM modulation scheme baseband level average power. 
The baseband level average power is 1 for all these baseband 
signals. 
Common signal point mapping sections 701 and 702 per 

form mapping using these baseband signal points. FIG. 17 
through FIG. 19 also show correspondence to a configuration 
that generates a baseband signal by multiplying a source 
signal point by a sharing coefficient as in base station 600 
(FIG. 11) For example, the BPSK baseband signal shown in 
FIG. 17(a) can be obtained by multiplying the source signal 
points shown in FIG. 17(a) by 1/W10 as a sharing coefficient. 
Mapping of this embodiment can also be applied to a con 
figuration that generates a baseband signal by multiplying 
Source signal points by a sharing coefficient in this way. 
An important point of this embodiment is as follows. 
This important point is that provision is made for the aver 

age transmission power and pilot signal transmission power 
of each modulation scheme to be the same when baseband 
signal points are shared by modulation schemes in a base 
station. 

For example, BPSK, QPSK, and 16QAM baseband signal 
points are shared as shown in FIG. 20. At this time, the 
baseband level average transmission power is 1 for BPSK, 
QPSK, and 16QAM, and the pilot signal baseband level trans 
mission power is also 1. 

If signal points are shared in this way, a terminal need only 
have a configuration that finds square Euclidean distances 
when a 16QAM modulation scheme is used for stream #A and 
stream iB. If, for example, a BPSK modulation scheme is 
used for stream if A and a QPSK modulation scheme is used 
for stream iB, the square Euclidean distances in the following 
equation should be used in MLD arithmetic calculation. 
12 

E=ly 1-y’+ly 2-y2° (i-8,9, j–3, 5, 12, 14) (Equation 12) 
where i andjcorrespond to i and jof signal points s, and s, 

shown in FIG. 20. 
According to this embodiment, the following effect can be 

obtained. 
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Since signal points are shared by respective modulation 

schemes in a base station, Square Euclidean distances that 
need to be found can be shared when spatial-multiplexed 
signal detection is performed by means of MLD in a terminal, 
and the MLD arithmetic calculation scale can be reduced, in 
the same way as in Embodiment 2. Details of MLD arithmetic 
calculation at this time are similar to those of Embodiment 2. 

Also, since baseband signal points are shared in Sucha way 
that the average transmission power and pilot signal transmis 
sion power of each modulation scheme are the same, a dif 
ference in transmission power between a pilot signal and 
modulated signal does notarise when transmit frame power is 
controlled. By this means, transmit frame power control can 
be performed using a power control apparatus with a small 
amplification level dynamic range, with no degradation of the 
CNR of a modulated signal or degradation of pilot signal 
reception characteristics. 

Embodiment 4 

In Embodiments 2 and 3, a configuration that performs 
spatial-multiplexed signal detection by means of MLD in a 
terminal in a MIMO-AMC system was simplified by having 
a base station use baseband signal points shared by respective 
modulation schemes. 

This embodiment simplifies a configuration that performs 
spatial-multiplexed signal detection by means of MLD in a 
terminal in a MIMO-AMC system by having a base station 
change the mapping of pilot signals of respective modulation 
schemes. 

This embodiment will now be described in detail using 
accompanying drawings. 

FIG.21, in which parts corresponding to those in FIG. 8 are 
assigned the same reference codes as in FIG. 8, shows a 
configuration of a base station according to this embodiment. 

Information code is input to base station 800. Serial/paral 
lel conversion section 101 performs processing that arranges 
the input information code into parallel form from serial 
form. For example, serial/parallel conversion section 101 out 
puts information code that is input at a particular time to 
encoding section 102, and outputs information code that is 
input at the next time to encoding section 103. By this means, 
serial/parallel conversion section 101 arranges information 
code into parallel form from serial form. 

Encoding sections 102 and 103 perform channel encoding 
of input information code. A block code, convolutional code, 
or the like may be used in channel encoding. Encoding sec 
tions 102 and 103 can perform channel encoding using a 
plurality of coding rates, and which coding rate is used for 
encoding is controlled by adaptive modulation control sec 
tion 805. 
A channel encoded codeword is mapped by mapping sec 

tions 104 and 105. The mapping executed here is processing 
that maps code to a baseband signal point of a selected modu 
lation scheme. Mapping sections 104 and 105 have mapping 
patterns of a plurality of modulation schemes, and which 
modulation scheme is selected is controlled by adaptive 
modulation control section 805. 
The mapping to baseband signal points executed by map 

ping sections 104 and 105 is shown in the “BASE STATION 
TRANSMIT BASEBAND SIGNAL POINTS’ column in 
FIG.22A, FIG. 22B, FIG. 23A, FIG. 23B, and FIG. 24. FIG. 
22A, FIG. 22B, FIG. 23A, FIG. 23B, and FIG. 24 show 
baseband signal points, and a corresponding pilot signal 
point, of respective modulation Schemes. Here, baseband sig 
nal points and a corresponding pilot signal point are shown 
for BPSK modulation in (a) through (h) in FIG.22A and FIG. 
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22B, for QPSK modulation in (a) through (h) in FIG. 23A and 
FIG. 23B, and for 16QAM modulation in FIG. 24. The base 
band signal points shown in FIG.22A, FIG.22B, FIG. 23A, 
FIG. 23B, and FIG. 24 represent a plurality of examples. In 
actuality, mapping of respective modulation schemes 
executed by mapping sections 104 and 105 is decided from 
among the mapping examples shown in FIG.22A, FIG.22B, 
FIG. 23A, FIG. 23B, and FIG. 24. 

For example, BPSK modulation mapping is decided as one 
of (a) through (h)in FIG.22A and FIG.22B. Similarly, QPSK 
modulation mapping is decided as one of (a) through (h) in 
FIG. 23A and FIG. 23B. Mapping sections 104 and 105 
perform mapping to baseband signal points using one map 
ping pattern decided for each modulation scheme as 
described above. 

Pilot signal generation sections 803 and 804 generate a 
pilot signal corresponding to a modulation scheme. For which 
modulation scheme a pilot signal is generated is controlled by 
adaptive modulation control section 805. Pilot signals gener 
ated by pilot signal generation sections 803 and 804 corre 
spond to modulation schemes applied by mapping sections 
104 and 105. 

Here, pilot signals generated by pilot signal generation 
sections 803 and 804 are as shown in FIG. 22A, FIG. 22B, 
FIG.23A, FIG. 23B, and FIG. 24. FIG.22A, FIG. 22B, FIG. 
23A, FIG. 23B, and FIG. 24 show baseband signal points of 
each modulation scheme together with a pilot signal point 
corresponding to each modulation Scheme. 

Here, (a) through (h) in FIG. 22A and FIG. 22B show a 
pilot signal point corresponding to BPSK modulation, (a) 
through (h) in FIG. 23A and FIG. 23B show a pilot signal 
point corresponding to QPSK modulation, and FIG.24 shows 
a pilot signal point corresponding to 16QAM modulation. In 
FIG. 23A and FIG. 23B, (p=Tan'3-1/4 rad. 

For pilot signal generation sections 803 and 804 also, as 
with mapping sections 104 and 105, a pilot signal correspond 
ing to each modulation scheme is decided from among those 
shown in FIG.22A, FIG.223, FIG.23A, FIG. 23B, and FIG. 
24. 

For example, a pilot signal corresponding to BPSK modu 
lation is decided as one of (a) through (h) in FIG. 22A and 
FIG. 22B. Similarly, mapping according to QPSK modula 
tion is decided as one of (a) through (h) in FIG. 23A and FIG. 
23B. Pilot signal generation sections 803 and 804 generate 
one pilot signal decided for each modulation scheme as 
described above. 

Next, frame configuration sections 801 and 802 configure 
a frame such as shown in FIG. 2. First, in time 1, a preamble 
signal is inserted in stream #A and a null signal is inserted in 
stream #B. In time 2, a pilot signal is inserted in stream #A and 
a null signal is inserted in stream #B. The pilot signal inserted 
here is a pilot signal generated by pilot signal generation 
Section 803. 

In time 3, a null signal is inserted in stream #A and a pilot 
signal is inserted in stream #B. The pilot signal inserted here 
is a pilot signal generated by pilot signal generation section 
804. In time 4, a signal notifying the receiving apparatus of a 
modulation scheme applied to stream #A is inserted. In time 
5, a signal notifying the receiving apparatus of a modulation 
scheme applied to stream iB is inserted. 

In time 6, a signal for notification of a code rate applied to 
stream #A is inserted. In time 7, a signal for notification of a 
code rate applied to stream #B is inserted. In time 8 onward, 
modulated signals transmitted in streams #A and #B are 
inserted. Here, information on modulation schemes and code 
rates applied to streams #A and iB is obtained from adaptive 
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modulation control section 805. Frame configuration sections 
801 and 802 configure a transmit frame as described above. 

Radio section 108 converts a frame configured by frame 
configuration sections 106 and 107 to a radio signal of a radio 
frequency band used by the communication system. Power 
control sections 109 and 110 convert a radio signal generated 
by radio section 108 to a radio signal having power equivalent 
to transmission power. Power conversion here is controlled 
by adaptive modulation control section 805, and is controlled 
so that transmission power is the same for streams #A and #B. 

Here, encoding sections 102 and 103, mapping sections 
104 and 105, frame configuration sections 801 and 802, pilot 
signal generation sections 803 and 804, and power control 
sections 109 and 110 are controlled by adaptive modulation 
control section 805. This control is as follows. First, a stream 
quality notification frame fed back from the receiving appa 
ratus is input to adaptive modulation control section805. This 
stream quality notification frame includes a parameter indi 
cating received stream quality in the receiving apparatus. For 
example, the SINR (Signal to Interference and Noise power 
Ratio), received power, or the like of each stream is used as 
received stream quality. 

Adaptive modulation control section 805 obtains informa 
tion on received stream quality in the receiving apparatus 
from this stream quality notification frame. Adaptive modu 
lation control section 805 has a table associating stream qual 
ity with a modulation scheme, coding rate, and transmission 
power. Adaptive modulation control section 805 controls 
adaptive modulation using this table. That is to say, the table 
contains combinations of modulation scheme, coding rate, 
and transmission power that improve transmission efficiency 
according to stream quality. 
An example of this table is shown in FIG. 13. From the 

table shown in FIG. 13, adaptive modulation control section 
805 decides a coding rate, modulation scheme, and transmis 
sion power corresponding to a received stream quality signal, 
and controls encoding sections 102 and 103, mapping sec 
tions 104 and 105, and power control sections 109 and 110 so 
as to correspond to the decided items. 

Also, adaptive modulation control section 805 controls 
pilot signal generation sections 803 and 804 So as to generate 
pilot signals corresponding to the stream #A and HB modu 
lation schemes. Furthermore, adaptive modulation control 
section 805 controls frame configuration sections 801 and 
802 So as to use the pilot signals generated by pilot signal 
generation sections 803 and 804 in a frame. At the same time, 
adaptive modulation control section 805 controls frame con 
figuration sections 801 and 802 so that stream #A and #B 
modulation scheme notification signals and coding rate noti 
fication signals correspond to a transmitted frame. 

Antennas 111 and 112 perform spatial-multiplex transmis 
sion of transmit signals output from power control sections 
109 and 110. 
An important point of this embodiment is as follows. 
An important point is that, in order to simplify spatial 

multiplexed signal detection by means of MLD by a terminal, 
a base station uses different pilot signal point placement for 
each modulation scheme as shown in this embodiment. Pilot 
signal point placement for each modulation scheme at this 
time is as indicated by a “A” symbol in the “BASE STATION 
TRANSMIT BASEBAND SIGNAL POINTS’ column in 
FIG.22A, FIG. 22B, FIG. 23A, FIG. 23B, and FIG. 24. 

Reception operations in a terminal when a pilot signal is 
transmitted using Such signal point placement will now be 
described. On receiving a pilot signal transmitted by the base 
station, a terminal receives a Subsequent signal based on the 
received pilot signal. 
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When a received pilot signal is taken as a reference point, 
the terminal provides for the reference point to be the same for 
all modulation schemes. In this embodiment, a case in which 
the reference point is taken as (1,0) in the terminal will be 
described as an example. 

For example, an explanation will be given of how a pilot 
signal point and BPSK modulation signal points appear in the 
terminal when a pilot signal is made (-3/v10.3/v10) and 
BPSK modulation scheme baseband signal points are made 
(1,0) and (-1,0) as shown in the “BASE STATION TRANS 
MIT BASEBAND SIGNAL POINTS’ column in FIG. 22A 
(a) The terminal sets a received pilot signal to a (1,0) reference 
point as shown in the “TERMINAL RECEIVED BASE 
BAND SIGNAL POINTS” column in FIG. 22A(a). At this 
time, on the terminal side, relative BPSK modulated signal 
positions with respect to the reference point are (3/V10, 1/V10) 
and (-3/v10.1/V10) signal points as shown in the “TERMI 
NAL RECEIVED BASEBAND SIGNAL POINTS column 
in FIG.22A(a). 

Similarly, an explanation will be given of how a pilot signal 
point and 16QAM modulation signal points appear in the 
terminal when the base station transmits a pilot signal corre 
sponding to a 16QAM modulation scheme and a 16QAM 
modulated signal as shown in the “BASE STATIONTRANS 
MIT BASEBAND SIGNAL POINTS’ column in FIG. 24. If 
the base station transmits a pilot signal as (1,0) and the 
received pilot signal is made reference point (1,0) by the 
terminal, the signal point arrangement of the 16QAM modu 
lated signal relative to the reference point corresponding to 
this is as shown in the “TERMINAL RECEIVED BASE 
BAND SIGNAL POINTS column in FIG. 24. 

Here, a BPSK modulation scheme signal point arrange 
ment in the terminal is shared with a 16QAM modulation 
scheme signal point arrangement. At this time, in MLD arith 
metic calculation by the terminal, square Euclidean distances 
for BPSK modulation scheme candidate signal points can be 
shared with square Euclidean distances for 16QAM modula 
tion scheme candidate signal points. Square Euclidean dis 
tances for candidate signal points shown in the “TERMINAL 
RECEIVED BASEBAND SIGNAL POINTS’ column in 
FIG. 22A(a) can be used as square Euclidean distances for a 
BPSK modulation scheme. By this means, the MLD arith 
metic calculation configuration is simplified. This effect is 
similar to that in Embodiments 2 and 3. 

In addition, the same also applies when transmission is 
performed using a pilot signal, BPSK modulated signal, and 
QPSK modulated signal of signal points shown in (b) through 
(h) in FIG.22A and FIG.22B and (a) through (h) in FIG.23A 
and FIG. 23B. To describe how signal points of each modu 
lation scheme appear in the terminal when transmission is 
performed using such signal points, they appear as shown in 
the corresponding “TERMINAL RECEIVED BASEBAND 
SIGNAL POINTS” column in (b) through (h) in FIG. 22A 
and FIG.22B and (a) through (h) in FIG. 23A and FIG. 23B. 

In the terminal at this time, BPSK modulation scheme 
received baseband signal points and QPSK modulation 
scheme received baseband signal points are shared with 
16QAM modulation scheme received baseband signal points. 
Thus, in MLD arithmetic calculation by the terminal, square 
Euclidean distances for BPSK modulation scheme candidate 
signal points and QPSK modulation scheme candidate signal 
points respectively can be shared with square Euclidean dis 
tances for 16QAM modulation scheme candidate signal 
points. 

Square Euclidean distances for candidate signal points 
shown in the “TERMINAL RECEIVED BASEBAND SIG 
NAL POINTS” column in (b) through (h) in FIG. 22A and 
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FIG.22B and (a) through (h) in FIG. 23A and FIG. 23B can 
be used as square Euclidean distances for a QPSK modulation 
scheme By this means, the MLD arithmetic calculation con 
figuration is simplified. This effect is similar to that in 
Embodiments 2 and 3. 

Referring to FIG.22A, FIG.22B, FIG.23A, FIG. 23E, and 
FIG. 24, signal points of each modulated signal in the termi 
nal when the base station transmits a pilot signal for a BPSK 
modulation scheme and a BPSK modulated signal as shown 
in FIG.22A(a), transmits a pilot signal for a QPSK modula 
tion scheme and a QPSK modulated signal as shown in FIG. 
23A(a), and transmits a pilot signal for a 16QAM modulation 
scheme and a 16QAM modulated signal as shown in FIG. 24, 
are received as shown in FIG. 20. Thus, since signal points of 
the respective modulation schemes are shared, MLD arith 
metic calculation can be simplified in the same way as in 
Embodiments 2 and 3. 
As described above, the relative positional relationship 

between a pilot signal and modulated signal in the base station 
is important. In the terminal, since a pilot signal is taken as a 
reference point, the relative position of a modulated signal 
with respect to a pilot signal should be shared by respective 
modulation schemes in the base station. By So doing, signal 
points of the respective modulation schemes are received by 
the terminal as signal points shared by the modulation 
schemes, enabling MLD arithmetic calculation by the termi 
nal to be simplified. 

Embodiment 5 

This embodiment relates to a case in which a modulation 
scheme with a higher M-ary modulation value, such as 8PSK 
or 64QAM, is used in addition to BPSK, QPSK, and 16QAM 
modulation schemes in a MIMO-AMC system. The object of 
this embodiment is to simplify the larger MLD arithmetic 
calculation configuration in a terminal. 

In this embodiment, as in Embodiment 3, MLD arithmetic 
calculation by a terminal is simplified by performing sharing 
of signal points by respective modulation schemes. When 
signal points shared by respective modulation schemes are 
used at this time, provision is made for the average transmis 
sion power to be of the same magnitude or of the same order 
of magnitude as pilot signal transmission power. By this 
means, degradation of the CNR of a modulated signal and 
degradation of pilot signal reception characteristics on the 
receiving side can be eliminated, and transmit frame power 
control can be performed using a power control apparatus 
with a small amplification level dynamic range. 
The configuration of a base station according to this 

embodiment is similar to that in Embodiment 3. Therefore, 
the configuration of a base station according to this embodi 
ment will be described using base station 700 shown in FIG. 
16. However, a clear difference from Embodiment 3 here lies 
in the signal point constellations of respective modulation 
schemes. In this embodiment, some signal points of respec 
tive modulation schemes are shared so that the average trans 
mission power is of the same magnitude or of the same order 
of magnitude as pilot signal transmission power for each 
modulation scheme. An example of modulation scheme sig 
nal point constellation employed in this embodiment are 
shown in FIG. 25. 
QAM modulation scheme signal point sharing is per 

formed as follows. First, a description will be given taking the 
case of a 16QAM modulation scheme and 64QAM modula 
tion scheme as an example. As shown in FIG. 25, in sharing of 
16QAM modulation scheme and 64OAM modulation 
scheme signal points, maximum amplitude points of the 



US 8,422,581 B2 
27 

respective modulation schemes are shared at four points: 
(7/v42.7/v42), (7/v42,-7/v42), (-7/v42.7/v42), and (-7/ 
V42,-7/v42) 16QAM and 64QAM signal point constellations 
are decided taking these maximum amplitude signal points as 
a reference. When signal points are shared in a combination of 
QAM modulation schemes in this way, four QAM modula 
tion scheme maximum amplitude points are shared. 
PSK modulation scheme signal point sharing is performed 

as follows. First, a description will be given taking the case of 
BPSK, QPSK, and 8PSK modulation schemes as an example. 
BPSK, QPSK, and SPSK modulation scheme signal points 
are shared as shown in FIG. 25. As phase angles between 
BPSK, QPSK, and SPSK signal points are all multiples of 
JL/8, these can all be shared. 

For example, it the terminal side (transmitting side) per 
forms transmission using a modulation scheme from among 
BPSK, QPSK, and 8PSK modulation schemes, it is sufficient 
for the base station side (receiving side) to be able to perform 
MLD arithmetic calculation for only an 8PSK modulation 
scheme. 

Also, if the terminal side (transmitting side) performs 
transmission using BPSK and QPSK modulation schemes, 
and an MLD arithmetic calculation section for an 8PSK 
modulation scheme is included in the base station side (re 
ceiving side), it is sufficient for the base station to be able to 
perform only QPSK modulation scheme MLD arithmetic 
calculation by transmitting BPSK modulation scheme signal 
points using QPSK modulation scheme signal points. 

Even if signal points are shared in a combination of PSK 
modulation schemes in a situation in which a modulation 
scheme phase angle is not it? 8, at least one signal point can be 
shared, enabling a reduction in the amount of MLDarithmetic 
calculation to be achieved. 

Sharing of signal points of a combination of a QAM modu 
lation scheme and a PSK modulation scheme is performed as 
follows. First, a description will be given taking the case of a 
QPSK modulation scheme and 64QAM modulation scheme 
as an example. As shown in FIG. 25, QPSK modulation 
scheme and 64QAM modulation scheme signal points are 
shared at four points: (5/v42.5/v42), (5/v42,-5/v42), (-5/ 
V42.5/v42), and (-5/4 42.-5/v42). Consequently, when 
QAM modulation scheme and PSK modulation scheme sig 
nal point sharing is performed, at least one signal point can be 
shared. 

There are also cases in which a plurality of points can be 
shared as in this embodiment. 
An example of a case in which signal points of respective 

modulation schemes are shared as described above is shown 
in FIG. 25. However, when performing signal point sharing, it 
is necessary for provision to be made for the average trans 
mission power of each modulation scheme to be of the same 
order as pilot signal transmission power. The average trans 
mission power of respective modulation schemes when signal 
points are shared as in this embodiment is as shown in Table 
2. 

TABLE 2 

MODULATION AVERAGE TRANSMISSION 
SCHEME POWER 

BPSK 25/21 (s1.19) 
QPSK 25/21 (s1.19) 
8PSK 25/21 (s1.19) 
16QAM 35/27(s1.29) 
64QAM 1 
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When transmission is performed using the signal point 

constellations shown in FIG. 25 there are 80 candidate signal 
points, and therefore in the case of two-stream transmission it 
is sufficient to have a configuration that performs MLD arith 
metic calculation handling 80x80 (=6400) candidate signal 
points. A configuration that performs this MLD arithmetic 
calculation is shown in FIG. 26. 

In FIG. 26, candidate signal point multiplication sections 
901,902,903, and 904 multiply a channelestimation value by 
a candidate signal point. In this embodiment, 80 candidate 
signal points are multiplied by a channel estimation value. 
The arithmetic calculations performed by these candidate 
signal point multiplication sections 901, 902, 903, and 904 
correspond to the his has has, and has, arithmetic 
calculations (where i,j=1,2,..., 80) in Equation (8). Here, s, 
ands, can have 80 candidate signal point values. 

Here, y replica generating section 905 and y replica gen 
erating section 906 generate a replica signal using outputs 
from candidate signal point multiplication sections 901, 902, 
903, and 904. Arithmetic calculation by y replica generating 
section 905 corresponds to Equation (8), and arithmetic cal 
culation by y2 replica generating section 906 corresponds to 
Equation (9). 

Square Euclidean distance arithmetic calculation section 
907 finds square Euclidean distances corresponding to Equa 
tion (10) using outputs from replica generating sections 905 
and 906 

Signal detection section 908 obtains information on a 
modulation scheme applied to each stream from a mapping 
selection signal. Signal detection section 908 makes a selec 
tion from among the square Euclidean distances found by 
square Euclidean distance arithmetic calculation section 907 
using candidate signal points corresponding to the modula 
tion scheme applied to each stream. Signal detection section 
908 selects a combination of candidate signal points that 
generate a minimum square Euclidean distance from among 
the square Euclidean distances corresponding to the modula 
tion scheme applied to each stream. 

MLDarithmetic calculation performed in this embodiment 
is as follows. The numbers of square Euclidean distances that 
need to be found in MLD arithmetic calculation here are 
shown in Table 3. 

TABLE 3 

METHOD OF 
CONVENTIONAL PRESENT 

STREAM #A STREAM #B METHOD INVENTION 

BPSK BPSK 4 6400 
QPSK 8 
8PSK 16 
16QAM 32 
64QAM 128 

QPSK QPSK 16 
8PSK 32 
16QAM 64 
64QAM 2S6 

8PSK 8PSK 64 
16QAM 128 
64QAM 512 

16QAM 16QAM 2S6 
64QAM 1024 

64QAM 64QAM 4096 

TOTAL 66.36 6400 

Table 3 shows numbers of square Euclidean distances in a 
method of Embodiment 1 and a method of this embodiment 
for combinations of modulation schemes applied to transmis 
sion streams HA and HB. The method of Embodiment 1 is 



US 8,422,581 B2 
29 

based on the configuration in FIG. 7, and the method of this 
embodiment is based on the configuration in FIG. 26. 

According to Table 3, in Embodiment 1 (a method in which 
sharing of signal points by modulation schemes is not per 
formed) the total number of square Euclidean distances found 
according to combinations of modulation schemes applied to 
streams is 6636. On the other hand, when a method of this 
embodiment is used, the total number of square Euclidean 
distances found is 6400, enabling the total number of square 
Euclidean distances that need to be found to be reduced 
compared with a conventional method. 

Embodiment 6 

This embodiment relates to a technology that reduces the 
amount of information fed back in a radio communication 
system in which a terminal performs feeds back information 
on a radio propagation path (hereinafter also referred to as a 
channel) estimated by the terminal to a base station. Fed-back 
channel information is used for adaptive modulation control 
and preceding. 

Configurations of a base station and terminal according to 
this embodiment will now be described using accompanying 
drawings. 

FIG. 27 shows the configuration of terminal 1000 accord 
ing to this embodiment. Configuration elements in FIG. 27 
identical to those in FIG. 9 are assigned the same names and 
numbers as in FIG. 9, and descriptions thereof are omitted 
here. 

Terminal 1000 receives a signal transmitted from a base 
station in the same way as in Embodiment 1.Interminal 1000, 

13 

h1.1 hi.2 h1.NT 
h2.1 h2.NT 

hNRs.1 hNR.NT 

signals received by antennas 201 and 202 are input to radio 
section 203. Radio section 203 down-converts input received 
signals to a frequency band handled by signal processing in 
the terminal. down-converted signals output from radio sec 
tion 203 are input to channel estimation section 208. 

Here, it is assumed that the base station transmits a frame 
that includes pilot signals as shown in FIG. 2. In this case, 
channel estimation section 208 performs channel estimation 
using pilot signals included in down-converted signals input 
from radio section 203. If a received signal is designated y, a 
matrix representing a channel is designated H (a channel 
matrix), a transmit signal is designated X, noise generated in 
terminal 500 is designated n, and it is assumed that there is no 
delayed wave effect in the channel, received signal y can be 
represented by y=Hx--n, with channel matrix H having fixed 
values. 

For example, if OFDM (Orthogonal Frequency Division 
Multiplexing) is applied to a transmit signal, and a delay 
amount of a delayed wave in the channel is within an OFDM 
signal guard interval, there can be considered to be no delayed 
wave effect in the channel. In this case, y=Hx--n representa 
tion is possible in OFDM signal subcarrier units. In the 
description of this embodiment, it will be assumed by way of 
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example that OFDM is applied to a transmit signal, and the 
delay amount of a delayed wave in the channel is within an 
OFDM signal guard interval. 

Here, it is assumed that base station 1100 (FIG. 28) trans 
mits signals from Nantennas, and terminal 1000 (FIG. 27) 
receives signals transmitted from base station 100 at N 
antennas, where NisN. In this case, received signally is an 
NX1 vector, channel matrix H is an NXN matrix, trans 
mit signal X is an NX1 vector, and noise n is an NX1 vector. 

Channel estimation section 208 estimates an NXN 
channel matrix. The same kind of channel estimation method 
as in Embodiment 1 may be used, for example. Channel 
estimation section 208 outputs estimated channel matrix H. 
To simplify the drawing, terminal 1000 shown in FIG. 27 

illustrates a case in which number of receiving antennas 
N=2, but this embodiment is not limited to a case in which 
number of receiving antennas N-2, and the number of 
receiving antennas may be two or more. Also, to simplify the 
drawing, base station 1100 shown in FIG. 28 illustrates a case 
in which number of transmit antennas N=2, but this 
embodiment is not limited to a case in which number of 
transmit antennas N-2, and the number of transmit anten 
nas may be two or more. 

Channel estimation matrix H estimated by channel esti 
mation section 208 is input to QR decomposition section 
1001. QR decomposition section 1001 performs QR decom 
position of input channel estimation matrix H. Channel 
estimation matrix H is decomposed by QR decomposition 
so that HQ.R. A Q matrix obtained by QR decomposition 
is an NXN unitary matrix, and an R matrix is an NXN 
upper triangular matrix (see Non-patent Document 3). An 
equation that performs QR decomposition of NXN chan 
nel estimation matrix H is shown in Equation (13). 

11 1.2 . . . .NT (Equation 13) 

0 r2.2 ... r2.NT 
41.1 

42.1 

41.2 . . . 41.NR: 

42.NRs 

where 

h1.NT 
h2.NT 

Hest = 

hNR. ... hNR.NT 

represents a channel estimation matrix, and 

11 1.2 ... 1NT 

P2.NT 
41.1 

42.1 

41.2 . . . 41.NR: 

42.NR 
NTNT. 

represent a Q matrix and R matrix when the channel estima 
tion matrix has undergone QR decomposition. 
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An upper triangular matrix is a matrix in which an element 
positioned lower than a k-row, k-column diagonal element 
(where k=1, 2, ... N.) is 0, as in the case of the R matrix 
shown in Equation (13). An R matrix diagonal element 
obtained by QR decomposition is a real number, and a non 
diagonal element is a complex number. With QR decompo 
sition section 1001, it is possible to perform QR decomposi 
tion of diagonal elements into positive real numbers in 
particular, and items are used that undergo QR decomposition 
so that diagonal elements become positive real numbers. QR 
decomposition section 1001 outputs the Q matrix and R 
matrix. 
An R matrix is input to R matrix element amplitude ratio 

arithmetic calculation section 1002 from QR decomposition 
section 1001. R matrix element amplitude ratio arithmetic 
calculation section 1002 computes an amplitude ratio of input 
R matrix constituent elements, and outputs this. An amplitude 
ratio is found with the amplitude of a specific element in the 
R matrix as a reference. For example, if r is taken as a 
reference, the amplitude ratio of R matrix m-row, n-column 
element r, is taken to be (r/r). R matrix element 
amplitude ratio arithmetic calculation section 1002 finds the 
amplitude ratio for an element present in an upper triangle in 
the R matrix, and feeds back found amplitude ratio informa 
tion to base station 1100. 
An R matrix is also input to R matrix non-diagonal element 

phase amount arithmetic calculation section 1003. A non 
diagonal element in an R matrix is a complex number. There 
fore, R matrix m-row, n-column element r (where men) can 
be expressed as r, Re(r)+ji-Im(r,t), where Re() and 
Im () represent functions that return a real component and 
imaginary component of a complex number respectively. R 
matrix non-diagonal element phase amountarithmetic calcu 
lation section 1003 computes arg(r)-Tan {Im(r)/Re 
(r,t)) for non-diagonal element r, where arg() represents 
a function that returns the phase of a complex number. R 
matrix non-diagonal element phase amountarithmetic calcu 
lation section 1003 finds the phase component of an R matrix 
non-diagonal element in this way, and feeds back phase infor 
mation to base station 1100. 

FIG. 28 shows a configuration of a base station according 
to this embodiment. Configuration elements in FIG. 28 iden 
tical to those in FIG. 8 and FIG. 16 are assigned the same 
names and numbers as in FIG.8 and FIG.16, and descriptions 
thereof are omitted here. 

Base station 1100 has a configuration that selects a precod 
ing matrix using amplitude ratio information and phase infor 
mation fed back from terminal 1000. It has already been 
shown that signal X transmitted from number of transmit 
antennas Nantennas can be expressed as an NX1 vector. 

Precoding means executing processing Such as matrix mul 
tiplication in advance on the NX1 transmit signal vector X. 
Precoding processing that performs matrix multiplication on 
a spatial-multiplex transmitted signal vector is shown in 
Equation (14). 

14 

Sl W11 W1.2 ... WNT W (Equation 14) 

Sl w2.1 W2.NT W 

SNT WNT. WNTNT, LVNT. 
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represents a post-mapping signal vector, 

W11 W1.2 ... WNT 

w2.1 W2.NT 
W = 

WNT. WNTNT 

represents a precoding matrix, and 

SNT 

represents a post preceding transmit signal vector. 
A precoding matrix W component is a complex number. 

Base station 1100 has a plurality of different matrices as 
precoding matrix W candidates. For example, in this embodi 
ment, base station 1100 has W. (pattern A) and W. pattern 
B} as different preceding matrices. 
Of preceding matrices W. and W., base station 1100 

selects the preceding matrix for which terminal 1000 recep 
tion characteristics are improved, using information fed back 
from terminal 1000. As a preceding matrix selection criterion 
in base station 1100 here, it is desirable to use a criterion 
whereby, for example, a precoding matrix is selected Such 
that a minimum value of a square Euclidean distance between 
candidate signal points used by MLD arithmetic calculation 
section 501 in terminal 1000 is maximized. 
The reason why Such a precoding matrix selection criterion 

is desirable is as follows. It was shown earlier that received 
signal y can be expressed as y=HX+n. For received signal y, 
noise term n is added to candidate signal point HX. Here, a 
square Euclidean distance between candidate signal points 
HX and HX is assumed to be a minimum square Euclidean 
distance. Also, a received signal when transmit signal X is 
transmitted is designated y=HX+n. In this case, square 
Euclidean distancely-HX, between candidate signal point 
HX and transmit signal X has the highest possibility of being 
smaller thanly-HXII due to noise term n as compared with 
square Euclidean distances between other candidate signal 
points and received signal points. 
MLD arithmetic calculation is arithmetic calculation that 

takes a transmit signal configuring a candidate signal point for 
which the distance between a received signal point and can 
didate signal point is a minimum as a detection result. There 
fore, when a square Euclidean distance between candidate 
signal points HX and HX is a minimum, the possibility of 
transmit signal X, when transmitted, being mistaken for X in 
MLD arithmetic calculation on the receiving side is highest. 
In order to reduce the effect of an error in MLD arithmetic 
calculation, it is desirable for the minimum distance between 
candidate signal points to be increased. 

For this reason, provision is made for base station 1100 of 
this embodiment to select a precoding matrix so as to maxi 
mize a minimum value of a square Euclidean distance 
between candidate signal points. Another criterion may also 
be used as a preceding matrix selection criterion by base 
station 1100, but since base station 1100 selects a preceding 
matrix according to a channel state between base station 1100 
and terminal 1000, base station 1100 uses channel informa 
tion fed back from terminal 1000 at the time of precoding 
matrix selection. 
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Returning to FIG. 28, the description will now be contin 
ued. In FIG. 28, transmit signal point generation section 
(preceding matrix A) 1110 and transmit signal point genera 
tion section (preceding matrix B) 1111 generate signal points 
after preceding has been executed. Specifically, transmit sig 
nal point generation section (preceding matrix A) 1110 gen 
erates an SWX signal point by performing precoding using 
preceding matrix W, and similarly, transmit signal point 
generation section (precoding matrix B) 1111 generates an 
SWX signal point by performing preceding using preced 
ing matrix W. 

FIG.28 shows a case in which base station 1100 number of 
transmit antennas N is two as an example. In this case, 
transmit signal point generation section (precoding matrix A) 
1110 and transmit signal point generation section (precoding 
matrix B) 1111 output respectively generated precoded signal 
points S is 14, s2.il and Sasa, Szal'. Here, there are 
combinations for (S1, S2). For example, assume that S is 
composed of M-ary value M modulation signal points and 
sia is composed of M-ary value N modulation signal points. 
In this case, there are MXN possible combinations for (s, 
S.). Therefore, there are MxN possible candidate signal 
points. Similarly, there are MXN possible combinations for 
(sia, S2a). 

Amplitude ratio information and phase information fed 
back from terminal 1000 is input to both of inter-candidate 
signal-point Square Euclidean distance arithmetic calculation 
sections 1112 and 1113. Also, outputs from transmit signal 
point generation section (preceding matrix A) 1110 is input to 
inter-candidate-signal-point square Euclidean distance arith 
metic calculation section 1112, and outputs from transmit 
signal point generation section (preceding matrix B) 1111 is 
input to inter-candidate-signal-point Square Euclidean dis 
tance arithmetic calculation section 1113. Inter-candidate 
signal-point Square Euclidean distance arithmetic calculation 
sections 1112 and 1113 compute square Euclidean distances 
between candidate is signal points used by MLD arithmetic 
calculation section 501 in terminal 1000 when sands are 
transmitted. 

Here, candidate signal points used by MLD arithmetic 
calculation section 501 in terminal 1000 are as follows. 
Received signal y when transmit signal S is transmitted in a 
case in which precoding is performed can be expressed as 
y-Hs+n. It is assumed that channel estimation matrix H esti 
mates an actual channel correctly. 
By performing QR decomposition of a channel estimation 

matrix, y=Hs+n conversion is performed. Here, y=QR's--n is 
multiplied by Q from the left. That is to say, Qy=Q*QR's+ 
Q*n, where () represents a matrix transposed conjugate. 
Here, since a Q matrix is a unitary matrix, it follows that 
Q*Q=I, where I represents a unitary matrix. By performing 
this kind of arithmetic calculation, if Z=Qy and v=Q*n, 
Z=R's--V is obtained. 
MLD arithmetic calculation section 501 performs an 

E-|z-Rs arithmetic calculation on vector Z obtained by 
multiplying a received signal by Q*-E-|z-Rs is a arithmetic 
calculation for finding a square Euclidean distance between 
vector Z and candidate signal point Rs. Since MLD arithmetic 
calculation section 501 uses RS as a candidate signal point in 
this way, it is only necessary for matrix R to be obtained by 
base station 1100 in order for inter-candidate-signal point 
square Euclidean distance arithmetic calculation sections 
1112 and 1113 to compute distances between candidate sig 
nal points. 
R matrix amplitude ratios and R matrix non-diagonal ele 

ment phase information are fed back to base station 1100 
from terminal 1000. Ifan R matrix generated by base station 
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100 is designated R, base station 1100 generates R matrix 
m-row, n-column element rest) as follows, using the fed 
back information. 
Assume that terminal 1000 feeds back amplitude ratios of 

R matrix elements with r, as a reference. In this case, an 
amplitude ratio for r is (r.1/r). Ifri, is an m n diago 
nal element, base station 1100 uses (r.1/r) directly as R, 
matrix m-row, n-column element rt'-(Ir, I/r). On the 
other hand, if r is an msn non-diagonal element, base 
station 1100 uses a non-diagonal element phase component 
fed back from terminal 1000. R. matrix m-row, n-column 
element r, generated at this time is taken as r'= 
(r1/r)arg(r). An R matrix generated in this way is 
shown in Equation (15). 

15 

|r1.2 |r1.NT (Equation 15) 1 larg(r2) arg(r.NT) 
p11 p11 

r2.NT O 2.2 Marg(r2vt.) 
ill p11 

O 
Rest = 

O NT.NT 
p11 

O O 

O O 

An R matrix generated by base station 1100 here is 
R (R/r). However, if candidate signal point arrangement 
relationships are known by base station 1100, which precod 
ing matrix can be used to maximize the minimum distance 
between candidate signal points is known. Therefore, even if 
candidate signal points generated by R’s are used, there is 
no effect on preceding matrix selection since candidate signal 
point arrangement relationships are known. 
An actual arithmetic calculation by inter-candidate-signal 

point Square Euclidean distance arithmetic calculation sec 
tions 1112 and 1113 when the number of transmit antennas is 
two is shown in Equation (16). 

16 

E= (Equation 16) 

|r12 2 + (expli argris)(s/n)-s:(n)) 

Here, S(m) represents an mth transmit signal of Mexist 
ing transmit signals s (where m=1, 2, . . . . M). Similarly, 
s (n) represents an nth transmit signal of N existing transmit 
signals s (where n=1,2,..., N). Also, arg(X) is a function 
that returns a phase component of X. 

In performing an arithmetic calculation, inter-candidate 
signal-point Square Euclidean distance arithmetic calculation 
section 1112 converts (SS2) in Equation (16) to (SS2). 
Similarly, in performing a arithmetic calculation, inter-can 
didate-signal-point Square Euclidean distance arithmetic cal 
culation section 1113 converts (S.S.) in Equation (16) to 
(S1, S2). A case in which (m, n)–(m2, n.2) is a case in 
which identical transmit signals are transmitted, and there 
fore Equation (16) gives a value of 0. Since it is necessary to 
find a square Euclidean distance between candidate signal 



US 8,422,581 B2 
35 

points, inter-candidate-signal-point square Euclidean dis 
tance arithmetic calculation sections 1112 and 1113 do not 
perform arithmetic calculation for a case in which (m,n)- 
(m2, n.2). 

Inter-candidate-signal-point Square Euclidean distance 
arithmetic calculation section 1112 finds square Euclidean 
distances between candidate signal points corresponding to 
all (m, n, m, n) combinations other than (m,n)=(m, n), 
and outputs the minimum value thereof. Similarly, inter-can 
didate-signal-point Square Euclidean distance arithmetic cal 
culation section 1113 also finds all square Euclidean dis 
tances between candidate signal points and outputs the 
minimum value thereof. 

Precoding matrix selection section 1114 selects the preced 
ing matrix for which minimum values of square Euclidean 
distances between candidate signal points input from inter 
candidate-signal-point Square Euclidean distance arithmetic 
calculation sections 1112 and 1113 become larger. Precoding 
matrix selection section 1114 outputs control information 
indicating the selected precoding matrix. 

Modulated signals from common signal point mapping 
sections 701 and 702 are input to precoding section (precod 
ing matrix A) 1101 and precoding section (precoding matrix 
B) 1102. Precoding section (precoding matrix A) 1101 per 
forms the arithmetic calculation in Equation (14) on modu 
lated signals input from common signal point mapping sec 
tions 701 and 702 using precoding matrix W, and precoding 
section (precoding matrix B) 1102 similarly performs the 
arithmetic calculation in Equation (14) on modulated signals 
input from common signal point mapping sections 701 and 
702 using preceding matrix W. 
Of the signals after precoding processing has been 

executed, section (preceding matrix A) 1101 selects signal 
(s) corresponding to stream #A transmission as output 
signal 1103, and outputs this signal to selection section 1107. 
Also, section (preceding matrix A) 1101 outputs signal(s) 
corresponding to stream #B transmission to selection section 
1108 as output signal 1104. 

Similarly, of the signals after preceding processing has 
been executed, preceding section (preceding matrix B) 1102 
selects signal(s) corresponding to stream #A transmission 
as output signal 1105, and outputs this signal to selection 
section 1107. Also, precoding section (precoding matrix B) 
1102 outputs signal(s) corresponding to stream #B trans 
mission to selection section 1108 as output signal 1106. 

Precoding signals 1103 and 1105 from preceding sections 
1101 and 1102, and control information from preceding 
matrix selection section 1114, are input to selection section 
1107. Precoding signals 1104 and 1106 from preceding sec 
tions 1101 and 1102, and control information from precoding 
matrix selection section 1114, are input to selection section 
1108. 
Of preceding signals 1103, 1104,1105, and 1106, election 

sections 1107 and 1108 select and output a signal on which 
preceding processing has been performed using a precoding 
matrix indicated by input control information, For example, if 
precoding matrix W, has been selected by preceding matrix 
selection section 1114, selection sections 1107 and 1108 
select a signal precoded using preceding matrix W, and 
output this. 

Signals selected by selection sections 1107 and 1108 are 
input to frame configuration sections 106 and 107 respec 
tively. In addition, control information indicating a preceding 
matrix is input to frame configuration sections 106 and 107 
from precoding matrix selection section 1114. Frame con 
figuration sections 106 and 107 perform framing of signals 
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input from selection sections 1107 and 1108 by adding infor 
mation indicating the selected precoding matrix, and output a 
framed signal. 

Signal Wp resulting from multiplying pilot signal p by 
preceding matrix W is used as information indicating the 
preceding matrix used here. When post-mapping signal X is 
multiplied by precoding matrix W, the transmit signal 
becomes W.X. In this case, a received signal in terminal 1000 
is represented by y=H (Wx)+n=(HW)x+n, where H repre 
sents a channel matrix and n represents noise. At this time, 
term (HW) can be thought of as a channel matrix used at the 
time of precoding application. 
When base station 1100 transmits a signal resulting from 

multiplying pilot signal p by precoding matrix W, y=(HW) 
p+n is obtained by terminal 1000 as received signal y. Since 
pilot signal p is a signal known to base station 1100 and 
terminal 1000, term (HW) is estimated as a channel estima 
tion matrix from the equation y=(HW)p+n by channel esti 
mation section 208 in terminal 1000. 
MLD arithmetic calculation section 501 can perform MLD 

arithmetic calculation, irrespective of what kind of preceding 
matrix has been multiplied by post-mapping signal X, by 
performing MLD arithmetic calculation using channel esti 
mation matrix (HW) estimated by channel estimation section 
208. Therefore, signal Wip resulting from multiplying pilot 
signal p by preceding matrix W can be used as information 
indicating a precoding matrix. 
A channel state between base station 1100 and terminal 

1000 fluctuates over time since terminal 1000 moves. Con 
sequently, a channel state between base station 1100 and 
terminal 1000 fluctuates over time even during processing 
whereby terminal 1000 feeds back channel information to 
base station 1100 and base station 1100 selects a preceding 
matrix. 

Therefore, by using a signal resulting from multiplying a 
pilot signal by a precoding matrix as information indicating a 
preceding matrix, as described above, channel estimation 
section 208 of terminal 1000 is able to perform channel esti 
mation that tracks fluctuation over time of a channel between 
base station 1100 and terminal 1000. Furthermore, by per 
forming MLD arithmetic calculation using channel estima 
tion matrix (HW) estimated by channel estimation section 
208, MLD arithmetic calculation section 501 is able to per 
form MLD arithmetic calculation irrespective of what kind of 
precoding matrix is selected by preceding matrix selection 
section 1114. 

Therefore, this embodiment will be described below on the 
premise that a signal resulting from multiplying a pilot signal 
by a precoding matrix is used as information indicating a 
preceding matrix. 

In this case, frame configuration sections 106 and 107 can 
configure the same kind of frame as shown in FIG. 2. How 
ever, of the information added when framing is performed by 
frame configuration sections 106 and 107, the selected mul 
tiplied by a preceding matrix selected by precoding matrix 
selection section 1114 is used for information of time 2 
through time 7 in FIG. 2. A preamble signal transmitted in 
time 1 is a signal needed by terminal 1000 to perform syn 
chronization, and therefore multiplication by a precoding 
matrix is not necessary. Also, signals from time 8 onward are 
signals already multiplied by a precoding matrix that are 
input from selection sections 1107 and 1108, and therefore do 
not need to be multiplied anew by a preceding matrix inframe 
configuration sections 106 and 107. 
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Radio section 108 up converts a frame input from frame 
configuration sections 106 and 107 to a radio signal, and 
Supplies this to the antennas. Each antenna transmits a Sup 
plied radio signal. 

Terminal 1000 receives a signal transmitted from base 
station 1100. In terminal 1000, a received signal is down 
converted by radio section 203 to a frequency band handled 
by terminal 1000 signal processing. A down-converted 
received signal is input to MLD arithmetic calculation section 
501 and channel estimation section 208. Channel estimation 
section 208 generates a channel estimation matrix using a 
signal resulting from multiplying a pilot signal in a frame 
configured by frame configuration sections 106 and 107 of 
base station 1100 by a preceding matrix. Channel estimation 
section 208 outputs the generated channel estimation matrix 
to QR decomposition section 1001. 
QR decomposition section 1001 performs QR decomposi 

tion of the channel estimation matrix input from channel 
estimation section 208, and outputs a Q matrix and R matrix 
obtained thereby to MLD arithmetic calculation section 501. 
MLD arithmetic calculation section 501 performs MLD 
arithmetic calculation using the Q matrix and R matrix 
obtained by QR decomposition of the channel estimation 
matrix. MLD arithmetic calculation using a Q matrix and R 
matrix is as follows. 

In channel estimation section 208, matrix (HW) including 
a preceding matrix is estimated. Thus, received signal y can 
be expressed as shown in the first line of Equation (17). QR 
decomposition section 1001 performs conversion from the 
first line of Equation (17) to the second line by performing QR 
decomposition on (HW). Equation (18) is obtained by mul 
tiplying Equation (17) by Q from the left, where () repre 
sents a matrix transposed conjugate. Here, since a Q matrix is 
a unitary matrix, it follows that QQ=I, where I represents a 
unitary matrix. 

17 

y = (HW)x + in (Equation 17) 
= OR x + in 

18 

O' y = O'ORx + O'n (Equation 18) 
g = Rx + y 

21 V 

21 V 
where g = : and v = 

2NT WNT 

MLD arithmetic calculation section 501 performs an 
E-Z-Rx arithmetic calculation on vector Z obtained by 
multiplying a received signal by Q as shown in Equation 
(18). This arithmetic calculation can be represented as shown 
in Equation (19). 

19 

E = ||. - Ryl (Equation 19) 
2 2 = 1 - (rivi + r12x2)+32 - 22x2 

Since a candidate signal point for vector Z is Rx, MLD 
arithmetic calculation section 501 finds a square Euclidean 
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distance between vector Z and its candidate signal point RX. 
MLD arithmetic calculation section 501 performs an E-Z- 
Rx arithmetic calculation on all vectors x for which there is 
a possibility of having been transmitted. 

For example, arithmetic calculation when the number of 
transmission streams is two is as follows. If the M-ary modu 
lation value of a signal transmitted from stream #A is desig 
nated M, and the M-ary modulation value of a signal trans 
mitted from stream iB is designated N, there are MXN 
combinations of vector x for which there is a possibility of 
having been transmitted. MLD arithmetic calculation section 
501 performs an E-Z-Rx arithmetic calculation on all 
MxN vector X combinations. 
Of square Euclidean distances found for all vectors x, 

MLD arithmetic calculation section 501 outputs vector x that 
gives a minimum value as a spatial-multiplexed signal detec 
tion result. 

Processing in decoding sections 212 and 213 onward is 
similar to that in FIG. 9. This concludes a description of a 
configuration of this embodiment. 

Next, an effect obtained by employing a configuration of 
this embodiment will be described. 

Base station 1100 of this embodiment selects a preceding 
matrix so as to maximize a minimum value of square Euclid 
ean distances between candidate signal points used by MLD 
arithmetic calculation section 501 in terminal 1000. At this 
time, base station 1100 needs information on a channel 
between base station 1100 and terminal 1000. Base station 
1100 reproduces candidate signal points in terminal 1000 by 
using channel information. Base station 1100 selects a pre 
coding matrix so as to maximize a minimum value of dis 
tances between reproduced candidate signal points. However, 
since feedback information from terminal 1000 to base sta 
tion 1100 is necessary at this time, frequency resources in a 
communication channel from terminal 1000 to base station 
1100 are used. As frequency resources are limited, if the 
amount of feedback information from terminal 1000 to base 
station 1100 is large, frequency resources that can be used for 
other information communication in a communication chan 
nel from terminal 1000 to base station 1100 are reduced. 
Therefore, it becomes necessary to reduce the amount of 
feedback information from terminal 1000 to base station 
11OO. 

Thus, in this embodiment, channel estimation matrix H 
estimated by terminal 1000 is not fed back directly, but 
instead, information to be fed back is generated using an R 
matrix obtained after QR decomposition of channel estima 
tion matrix H. 
An R matrix is an upper triangular matrix in which diago 

nal elements are real numbers. Terminal 1000 computes only 
an amplitude ratio by means of R matrix element amplitude 
ratio arithmetic calculation section 1002 for an R matrix 
diagonal element and feeds back this amplitude ratio. On the 
other hand, an amplitude ratio and phase component are 
found by R matrix element amplitude ratio arithmetic calcu 
lation section 1002 and R matrix non-diagonal element phase 
amount arithmetic calculation section 1003 for an R matrix 
non-diagonal element, and these are fed back. 
The number of feedback information items generated 

based on an R matrix in this way is as follows. Assume that the 
number of streams transmitted from base station 1100 is N. 
In this case, the number of R matrix diagonal elements is N, 
and the number of non-diagonal elements in an upper trian 
gular matrix of the R matrix is N-(N-1)/2. Therefore, 
since only an amplitude ratio is fed back for a diagonal ele 
ment, the number offeedback information items is N. Also, 
since an amplitude ratio and phase component are fed back 
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for a non-diagonal element, the number offeedback informa 
tion items is {N(N-1)/2x2-N-(N-1). In addition, R 
matrix element amplitude ratio arithmetic calculation section 
1002 computes an amplitude ratio taking a specific element of 
the R matrix as a reference, and feeds this back. Thus, the total 
number of information items fed back by terminal 1000 is 
N,+N, (N-1)-1-N, -1. 
On the other hand, the number of information items fed 

back when all channel estimation matrices Hare fedback is as 
follows. Assuming that the number of receiving antennas is 
N, the number of channel estimation matrix elements is 
N.N. Since channel estimation matrix elements are all 
complex numbers, it is necessary to feedback an amplitude 
ratio and phase component of each element. Therefore, the 
total number of information items fed back is 2NN. 

Since NisNR here, the relationship between the total 
number offeedback information items when feedback infor 
mation is generated based on an R matrix (N-1) and the 
total number offeedback information items when all channel 
estimation matrices H are fed back (2NN) is (N-1)< 
(2NN). Therefore, by generating feedback information 
based on an R matrix, feedback information can be reduced 
by a proportion of{(2NN)-(N-1)}/2N.N. 

Next, a configuration will be described that reduces the 
total number offeedback information items when base station 
1100 uses preceding that only changes the phase of a signal 
point. 
When only the phase of a signal point is changed, for 

preceding matrices W. and W, used by preceding section 
(precoding matrix A) 1101 and precoding section (preceding 
matrix B) 1102, non-diagonal element term component w, 
(where man) is 0, and diagonal term W., (where m=n) is 
W=1. 
Here, a case in which base station 1100 performs transmis 

sion scheme using MIMO spatial-multiplexing using two 
transmit antennas will be considered as an example. At this 
time, the relationship between distances between candidate 
signal points in MLD arithmetic calculation when QR 
decomposition is used is as shown in Equation (16). In Equa 
tion (16) the second term is (r2/r)(s(n)-s(n)--(r/ 
rii)W22(X(n)-X(n)) - (r2/r)(x2(n)-X2(n))lf. 

From the above, it can be seen that there is no great change 
in the size of the second term in Equation (16) even if the 
phase of a signal point is changed. Where a change in size 
appears due to changing the phase of a signal point is in the 
first term in Equation (16). Therefore, if first term (s. (m)- 
s (m2))+(r2/r) exp{jarg((r2)}(s(n)-s(n)) of Equa 
tion (16) can be generated, a minimum value of square 
Euclidean distances between candidate points can be found. 
When this is done, the information required by base station 

1100 is (r1/r) and arg(r). Therefore, when base station 
1100 uses preceding that only changes the phase of a signal 
point, R matrix element amplitude ratio arithmetic calcula 
tion section 1002 and R matrix non-diagonal element phase 
amount arithmetic calculation section 1003 in terminal 1000 
need only feedback (lr/r) and arq((r) respectively. By 
this means, amplitude ratio (r2/r) feedback information 
can be reduced. 

In addition, the following method may be employed as a 
method for reducing the amount of feedback information 
when using preceding that only changes the phase of a signal 
point. The first term in Equation (16) can be converted as 
shown in Equation (20). 
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20 

r12 (Equation 20) 

A. 

where Ai-S (m)-s (m2) and AS2(n)-S2(n) 
Here, A and A in Equation (20) are defined as difference 

vectors that represert modulation signal point differences, 
with A defined as a difference vector corresponding to stream 
#A, and A defined as a difference vector corresponding to 
stream #B. From Equation (20) it can be seen that the first 
term of Equation (16) is the same as measuring a square 
Euclidean distance between a stream #A difference vector 
and a vector in which a stream HB difference vector has been 
multiplied by channel information. 

Here, an equation that expands Equation (20) is as shown in 
Equation (21). 

21 

2 (Equation 21) 

–2|A || EAlsosto - d.) 
2 

where () is a phase difference between difference vectors 
A and A2, and p-arg(r2) 

It is assumed here that the range of inter-vector phase 
difference co-p in Equation (21) is Osco-cps L. When base 
station 1100 uses precoding that only changes the phase of a 
signal point, the Afterm and (r2/r)Afterm in Equation 
(21) do not change. When base station 1100 uses precoding 
that only changes the phase of a signal point, the -2|A ||(r/ 
r)Alcos(a)-(p) term changes. The difference vectors A and 
A2 are Ai-S (m)-s (m2) and AS.2 (n2)-S2(n), where m, 
m=1,2,..., M. Thus, difference vectors A and A have a 
plurality of constituent elements. Therefore, when base sta 
tion 1100 uses precoding that only changes the phase of a 
signal point, base station 1100 finds term D={-2A(r/ 
r)Alcos(a)-p) using each constituent element of A and 
A. Base station 1100 finds a minimum value of the found D. 
Base station 1100 selects a precoding matrix that maximizes 
the minimum value of D. 

If cos(a)-(p)=-1, it can be stated that D={-2|A ||(r2/r) 
Alcos (co-p)}={2|A ||(r1/r)Al). However, origin sym 
metry components are present in difference vectors A and A. 
as in a combination of Ai-S (m)-s (m2) and Ai-S (m2)-S 
(m). Therefore, it a difference vector such that cos(a)-(p)=-1 
is present, a corresponding difference vector Such that cos(a)- 
(p)=1 is also present. 

Thus, in order to maximize the minimum value of term 
D={-2|A ||(r1/r)Alcos(a)-(p), a preceding matrix is 
selected so that term cos(a)-(p) has a value closer to 0. That is 
to say, a precoding matrix is selected Such that inter-vector 
phase difference ()-?p has a value close to U/2. Specifically, 
base station 1100 finds a maximum value of L/2-(c)-(p) for 
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a difference vector when using each precoding matrix. If a 
precoding matrix is used that minimizes the found lat/2-(c)- 
(p) maximum value, inter-vector phase difference ()-(p will 
have a value close to JL/2. Therefore, provision is made for 
precoding matrix selection section 1114 in base station 1100 
to select a preceding matrix Such that the maximum value of 
|JL/2-(c)-(p) becomes a minimum. 
A base station configuration for a case in which this kind of 

processing is performed is shown in FIG. 29. In FIG. 29, in 
which parts corresponding to those in FIG. 28 are assigned 
the same reference codes as in FIG. 28, base station 1200 
generates precoded transmit signal vectors s and s when 
precoding matrices W. and Ware used respectively in trans 
mit signal point generation section (preceding matrix A) 1110 
and transmit signal point generation section (preceding 
matrix B) 1111. Transmit signal point generation section 
(precoding matrix A) 1110 and transmit signal point genera 
tion section (precoding matrix B) 1111 output generated 
transmit signal vectors s and s respectively to difference 
vector generation sections 1201 and 1202. 

Difference vector generation sections 1201 and 1202 gen 
erate difference vectors A-A. A al" and A. A1, A2 al 
of input transmit signal vectors sands. It is assumed here 
that Al S(m)-S1(m2) and A2 S2(n2)-S2(n) (where 
X=A, B). Difference vector generation sections 201 and 1202 
output generated difference vectors A and A respectively to 
inter-vector phase difference arithmetic calculation sections 
1203 and 1204. 

Inter-vector phase difference arithmetic calculation sec 
tions 1203 and 1204 generate phase differences () and (), for 
these difference vectors A and A. Here, inter-vector phase 
difference () is a phase difference between difference vec 
tors A and A2, and inter-vector phase difference () is a 
phase difference between difference vectors A and A. 
There are combinations form, m, n, and n in difference 
vectors A and A2, and difference vectors A and A2. 
Therefore, there are also combinations for difference vectors 
A and A2 and difference vectors A and A2 according 
to combinations of m, m, n, and n. Inter-vector phase 
difference arithmetic calculation sections 1203 and 1204 find 
phase differences corresponding to combinations of differ 
ence vectors A and A. and difference vectors A and 
A2 as () and (), respectively. 

Inter-vector phase difference arithmetic calculation sec 
tions 1203 and 1204 finds inter-vector phase differences 
co-?p and co-p in Equation (21) (where 0s ()-?p, co-ps7l) 
using feedback information (p=arg (r) from terminal 1000. 

Inter-vector phase difference arithmetic calculation sec 
tions 1203 and 1204 output maximum values of JL/2-(co-p) 
and JL/2-(c)-(p) respectively to precoding matrix selection 
section 1114 using inter-vector phase differences found as 
described above. 

Precoding matrix selection section 1114 selects a preced 
ing matrix that gives a minimum value among the input lat/2- 
(cp-p) and JL/2-(c)-(p) maximum values. Base station 
1200 selects a preceding matrix in the above-described way. 

Here, inter-vector phase difference () does not change 
according to a channel. On the other hand, the value of p in 
Equation (21) changes according to a channel. Thus, arg(r) 
information can be fed back from terminal 1000 in order for 
inter-vector phase difference arithmetic calculation sections 
1203 and 1204 to obtain inter-vector phase difference co-p 
information. Therefore, when preceding that only changes 
the phase of a signal point is used, in order to reduce the 
amount offeedback information, only phase informationarg 
(r) obtained by R matrix non-diagonal element phase 
amount arithmetic calculation section 1003 in terminal 1000 
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may be fed back, without feeding back amplitude ratio infor 
mation obtained by R matrix element amplitude ratio arith 
metic calculation section 1002. 

Also, in order to reduce the amount of phase information 
feedback, R matrix non-diagonal element phase amount 
arithmetic calculation section 1003 may convert phase infor 
mation to be fed back as follows. 

FIG. 30 shows QAM signal points. In FIG. 30, 16QAM is 
shown as an example of QAM. As shown in FIGS. 30(a) and 
(b), QAM signal points form a signal point arrangement that 
is symmetrical about an I=Q axis. FIG. 30(c) shows a signal 
point arrangement after Subjection to channel fluctuation that 
imparts phase rotation of p from the I axis to the signal points 
in FIG. 30(a). Similarly, FIG. 30(d) shows a signal point 
arrangement after Subjection to channel fluctuation that 
imparts phase rotation of p from the Qaxis to the signal points 
in FIG.30(b). In FIG.30(d), the amount of phase change of a 
signal point due to a channel as viewed from the I axis is 
(L/2-p). As shown in FIGS. 30(c) and (d), the signal point 
arrangement relationship is the same for amounts of phase 
change due to channel fluctuation of (cp) and (L/2-(p). Also, as 
shown in FIG. 30(e), the signal point arrangement of signal 
points subjected to U/2 phase rotation is the same the original 
signal point arrangement. Therefore, in order for a candidate 
signal point arrangement relationship to be reproduced by 
inter-candidate-signal-point square Euclidean distance arith 
metic calculation sections 1112 and 1113 of base station 1100 
(FIG. 28), phase information from I axis phase amount 0 to a 
JL/4 phase amount constituting an axis of symmetry is suffi 
cient as phase information that is fed back. 

Based on the above, R matrix non-diagonal element phase 
amount arithmetic calculation section 1003 (FIG. 27) con 
verts phase information that is fed back as follows. 

1. If Osarg(r)<1/4 as shown in FIG. 31A(a), R matrix 
non-diagonal element phase amount arithmetic calculation 
section 1003 feeds back (p=arg(r). 

2. If L/4sarg(r)<1/2 as shown in FIG.31A(b), R matrix 
non-diagonal element phase amount arithmetic calculation 
section 1003 feeds back (p=TL/2-arg(r). 

3. If it?2sarg(r)<2L/4 as shown in FIG.31A(c), R matrix 
non-diagonal element phase amount arithmetic calculation 
section 1003 feeds back (p=arg(r)-JL/2. 

4. If 3.7L/4sarg(r)< t as shown in FIG. 31A(d), R matrix 
non-diagonal element phase amount arithmetic calculation 
section 1003 feeds back (p=TL-arg(r) 

5. If tsarg(r)<5 L/4 as shown in FIG. 31A(e), R matrix 
non-diagonal element phase amount arithmetic calculation 
section 1003 feeds back (p-arg (r)-L. 

6. If 57L/4sarg(r)<371/2 as shown in FIG. 31(f), R matrix 
non-diagonal element phase amount arithmetic calculation 
section 1003 feeds back (p=37L/2-arg(r). 

7. If 3.7L/2sarg(r)<7L/4 as shown in FIG. 31B(g) R 
matrix non-diagonal element phase amountarithmetic calcu 
lation section 1003 feeds back (p=arg(r)-371/2. 

8. If 71/4sarg(r)<2t as shown in FIG.31B(h), R matrix 
non-diagonal element phase amount arithmetic calculation 
section 1003 feeds back (p=2|L-arg(r). 
The phase amounts shown in 1. through 8. are phase 

amounts in a range from 0 to TL/4 for which candidate signal 
point arrangement relationships can be reproduced by inter 
candidate-signal-point Square Euclidean distance arithmetic 
calculation sections 1112 and 1113 of base station 1100 (FIG. 
28). Based on the above, R matrix non-diagonal element 
phase amountarithmetic calculation section 1003 of terminal 
1000 (FIG. 27) may perform reduction of the amount of 
feedback information by feeding back the phase information 
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in 1. through 8. to base station 1100. In this way, phase 
information that is fed back can be reduced from a range of 0 
to 21 to a range of 0 to L/4. 

Thus far, a feedback phase information conversion method 
for use when a signal point arrangement is QAM has been 
described, but when the signal point arrangement is not 
QAM, but, for example, 8PSK, feedback phase information 
conversion can be performed as follows. 

FIG. 31 B(i) shows an 8PSK signal point arrangement. As 
shown in FIG. 31B(i), 8PSK has a signal point arrangement 
with the I axis as an axis of symmetry. Also, 8PSK has a signal 
point arrangement with an axis with a JL/8 phase amount from 
the I axis as an axis of symmetry. Here, a signal point arrange 
ment in which the 8PSK signal point phase amount is changed 
by JL/4 is shown in FIG. 31 BC). As can be seen from FIG. 
31 BC), 8PSK with the phase amount changed by JL/4 has the 
same signal point arrangement as the original signal point 
arrangement. 

Based on the above, in the case of 8PSK, as in the case of 
QAM, it is possible to reproduce candidate signal points by 
means of 0 to L/8 phase information. For example, if Osarg 
(r)<1/8 as shown in FIG. 31B(k), R matrix non-diagonal 
element phase amountarithmetic calculation section 1003 of 
terminal 1000 (FIG. 27) feeds back (p=arg(r), and if 
JL/8sarg(r)<1/4 as shown in FIG. 31B (1), terminal 1000 
feeds back (p=TL/4-arg(r). 
By utilizing axial symmetry of modulation signal points in 

this way, it is possible to limit the range of phases fed back. 
Possible phase range limitation is as follows. Assume that a 
certain modulation signal point set C is symmetrical about 
axis X, and that modulation signal point set C is symmetrical 
about axis Y differing from axis X. Assume that a phase 
difference between axis X and axis Yat this time is up (where 
0<ups. L/2). Furthermore, assume that signal point set C 
changed by phase amount db from axis X relative to modula 
tion signal point set C is the same original modulation signal 
point set C. Here, if an axis for which db phase rotation is 
performed relative to axis X is designated Z., by converting a 
phase amount to be fedback to a phase amount from axis X or 
a phase amount from axis Z, it is possible to limit the fed-back 
phase range to 0 to lp. 

Here, if quantization is performed as follows by R matrix 
element amplitude ratio arithmetic calculation section 1002 
and R matrix non-diagonal element phase amount arithmetic 
calculation section 1003 when feedback channel phase infor 
mation and amplitude ratio information is quantized, the 
effect of an error occurring at the time of feedback can be 
lessened. 

FIG. 32 shows examples of quantization methods for fed 
back phase information and amplitude ratio information. 
FIG. 32(a) shows an example of a phase information quanti 
zation methods and FIG.32(b) shows an example of an ampli 
tude ratio information quantization method. It has been stated 
above that when a QAM modulation scheme is used, the 
fed-back phase information range may be made 0 to L/4. FIG. 
32(a) illustrates a quantization method used when the fed 
back phase information range may be made 0 to JL/4, and the 
quantization bit width is made 2 bits, for example, and FIG. 
32(b) illustrates a quantization method used when the ampli 
tude ratio quantization bit width is made 2 bits, for example. 
When the quantization bit width is made 2 bits, a quantization 
object is divided into four (–2) areas. 

Phase values or amplitude ratios that have consecutive 
values are present in one or another of the areas obtained by 
division. At this time, phase values or amplitude ratios that 
have consecutive values are represented by a particular fixed 
value in an existing area. In this way, phase values or ampli 
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tude ratios that have consecutive values are quantized. Quan 
tization-width (in FIG.32, 2-bit) binary values areassigned to 
areas divided by performing quantization. 
At this time, the following rule is applied to assigned binary 

values in order to lessen the effect of an error arising during 
feedback. This rule is that, for areas obtained by division, a 
binary value assigned to a first area and a binary value 
assigned to an area adjacent to the first area should be binary 
values that differ by only 1 bit. 

In FIGS. 32(a) and (b), when four divided areas “1<1>. 
<2>, <3>, <4>'' are taken as indices representing respective 
adjacent areas, binary values are assigned as follows: “-1 >: 
00, <2>: 01, <3>: 11, <4>: 10'. As can be seen from FIGS. 
32(a) and (b), adjacent areas all have binary values differing 
by only 1 bit. When binary values quantized in this way are 
fed back, feedback information is assumed to be incorrect by 
1 bit on the side receiving feedback information. With regard 
to information reproduced from feedback information at this 
time, since information of an adjacent area is reproduced, 
even if feedback information is incorrect by 1 bit, the only 
effect is that information reproduced from feedback informa 
tion is reproduced as information of an adjacent area. 

Here, it will be assumed that a binary value differing by 1 
bit from a binary value assigned to a post-quantization area is 
assigned to a non-adjacent area If this is done, when feedback 
information is incorrect by 1 bit on the side receiving feed 
back information, information reproduced from feedback 
information is reproduced as information of a non-adjacent 
area. In this case, the error of information reproduced from 
feedback information becomes large due to a feedback infor 
mation error. In view of this, the effect of error of information 
reproduced from feedback information due to a feedback 
information error can be lessened by having R matrix element 
amplitude ratio arithmetic calculation section 1002 and P 
matrix non-diagonal element phase amountarithmetic calcu 
lation section 1003 make binary values assigned to post 
quantization areas binary values that differ by only 1 bit 
between adjacent areas. 

Also, if fed-back phase values are limited to a range of 0 to 
JL/4, an area to which the same binary value has been assigned 
appears every at 4. For example, there is an index <4 area 
before and after a phase value of L/4. Therefore, when R 
matrix non-diagonal element phase amountarithmetic calcu 
lation section 1003 quantizes fed-back phase width Pat equal 
intervals, if the quantization bit width is designated in bits, the 
interval of areas divided by quantization should be made 
P/(2-1). Deciding an area interval for division by quantiza 
tion in this way enables equidistant division areas to be gen 
erated. 
On the other hand, there is a possibility of an amplitude 

ratio having a value that is infinite or asymptotic with respect 
to 0. Consequently, R matrix element amplitude ratio arith 
metic calculation section 1002 may also perform quantization 
into non-equidistant division areas, unlike the illustration in 
FIG. 32(b). 
Base stations 1100 (FIG. 28) and 1200 (FIG. 29) of this 

embodiment have a configuration that performs preceding 
based on feedback information from terminal 1000 (FIG. 27). 
In this case, base stations 1100 (FIG. 28) and 1200 (FIG. 29) 
may use mapping sections 104 and 105 shown in FIG. 1 
instead of generating mapped signal points using common 
signal point mapping sections 701 and 702. That is to say, a 
preceding effect of a minimum value of distances between 
candidate signal points used by MLD arithmetic calculation 
section 501 of terminal 1000 being made larger can also be 
obtained by using conventional mapping sections 104 and 
105. More desirably still, the effect of Embodiments 1 
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through 4 of sharing a square Euclidean distance between a 
received signal point and candidate signal point found by 
MLD arithmetic calculation section 501 can be obtained by 
using common signal point mapping sections 701 and 702. 

In this embodiment, base stations 1100 and 1200 have 
illustrated configurations in which a different precoding 
matrix is selected for performing preceding according to a 
channel. In this case, base stations 1100 and 1200 may also 
employ a configuration whereby signal points that are shared 
are changed according to a channel in signal point sharing by 
respective modulation schemes, instead of holding different 
precoding matrices. 

FIG. 33 shows an example of a base station that imple 
ments this. In FIG.33, in which parts corresponding to those 
in FIG. 28 are assigned the same reference codes as in FIG. 
28, instead of having preceding section (preceding matrix A) 
1101 and precoding section (preceding matrix B) 1102, base 
station 1300 has common signal point A mapping sections 
703 and 705 and common signal point B mapping sections 
704 and 706 such that signal points that are shared differ in 
signal point sharing by respective modulation schemes. 

Examples of different signal point sharing patterns are 
shown in FIG. 34. FIG. 34 shows three patterns in which the 
modulation signal point sharing method differs between 
64QAM and 16QAM. As shown in FIG. 34, changing the 
signal point sharing method is equivalent to changing the 
signal point arrangement of one stream (here, 16QAM) rela 
tive to the other stream (here, 64QAM). This has the same 
kind of effect as changing the phase of modulation signal 
points of one stream in preceding. Moreover, by using com 
mon signal point mapping sections 703,704, 705, and 706, 
the effect of Embodiments 1 through 4 of sharing a square 
Euclidean distance between a received signal point and can 
didate signal point found by MLD arithmetic calculation 
section 501 can be obtained. In view of the above, base station 
1300 may also employ a configuration whereby signal points 
that are shared by respective modulation schemes are 
changed according to a channel, instead of holding different 
precoding matrices. 

Terminal 1000 shown in FIG. 27 employs a configuration 
whereby amplitude ratio information and phase information 
generated by R matrix element amplitude ratio arithmetic 
calculation section 1002 and R matrix nondiagonal element 
phase amountarithmetic calculation section 1003 is fed back 
to base station 1100. Separately from this, the configuration 
shown in FIG. 35 may also be used for a terminal. 

Terminal 1400 in FIG.35, in which parts corresponding to 
those in FIG. 27 and FIG. 28 are assigned the same reference 
codes as in FIG. 27 and FIG. 28, selects a precoding matrix to 
be used in precoding by base station 1100 (FIG.28), and feeds 
back information indicating the selected preceding matrix to 
base station 1100. in addition to the configuration of terminal 
1000 shown in FIG. 27, terminal 1400 has transmit signal 
point generation section (preceding matrix A) 1110, transmit 
signal point generation section (precoding matrix B) 11, 
inter-candidate-signal-point square Euclidean distance arith 
metic calculation sections 1112 and 1113, and preceding 
matrix selection section 1114. The configurations of these 
parts are similar to the configurations used by base station 
1100 shown in FIG. 28. R matrix element amplitude ratio 
arithmetic calculation section 1002 and R matrix non-diago 
nal element phase amountarithmetic calculation section 1003 
output a respectively generated R matrix constituent element 
amplitude ratio and R matrix non-diagonal element phase 
component to inter-candidate-signal-point Square Euclidean 
distance arithmetic calculation sections 1112 and 1113. 
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Transmit signal point generation section (preceding matrix 

A) 1110 generates signal points on which preceding pro 
cessing has been executed using preceding matrix W, and 
outputs the generated signal point to inter-candidate-signal 
point Square Euclidean distance arithmetic calculation sec 
tion 1112. Similarly, transmit signal point generation section 
(preceding matrix B) 1111 generates signal points on which 
precoding processing has been executed using preceding 
matrix W, and outputs the generated signal point to inter 
candidate-signal point Square Euclidean distance arithmetic 
calculation section 1113. 

Inter-candidate-signal-point Square Euclidean distance 
arithmetic calculation sections 1112 and 1113 compute 
square Euclidean distances between candidate signal points 
used in MLD arithmetic calculation when sands are trans 
mitted. Inter-candidate-signal-point square Euclidean dis 
tance arithmetic calculation sections 1112 and 1113 output 
minimum values of found square Euclidean distances 
between candidate signal points. 

Precoding matrix selection section 1114 selects the preced 
ing matrix for which minimum values of square Euclidean 
distances between candidate signal points input from inter 
candidate-signal-point Square Euclidean distance arithmetic 
calculation sections 1112 and 1113 become larger. Precoding 
matrix selection section 1114 outputs preceding matrix selec 
tion information indicating a selected preceding matrix to 
base station 1100. 

Base station 1100 executes preceding processing on post 
mapping signal points using a preceding matrix indicated by 
preceding matrix selection information fed back from termi 
nal 1400. 

If the number of preceding matrices used by base station 
1100 is designated N, precoding matrix selection informa 
tion generated by precoding matrix selection section 1114 of 
terminal 1400 can be represented by ceil(log(N))-bit infor 
mation, where ceil(X) is a function that returns an integer 
obtained by rounding-up a fractional part, and if a is an 
integer, returns a whena-1<Xsa. Here, the total number of R 
matrix amplitude ratio and non-diagonal term phase informa 
tion items generated by R matrix element amplitude ratio 
arithmetic calculation section 1002 and R matrix non-diago 
nal element phase amountarithmetic calculation section 1003 
is N, -1, where N, represents the number of signal streams 
transmitted by base station 1100. Therefore, when ceil (log 
(N))sN-1, it is possible to reduce the amount of infor 
mation fed back from terminal 1400 to base station 1100 by 
using precoding matrix selection information as feedback 
information. 

If base station 1100 employs a configuration whereby sig 
nal points that are shared are changed according to a channel 
as shown in FIG.33 instead of performing preceding, termi 
nal 1400 may feedback information indicating signal points 
that are shared instead of information indicating a selected 
precoding matrix. 
The disclosure of Japanese Patent Application No. 2007 

010817, filed on Jan. 19, 2007, including the specification, 
drawings and abstract, is incorporated herein by reference in 
its entirety. 

INDUSTRIAL APPLICABILITY 

The present invention is suitable for use in a MIMO-AMC 
system. 
The invention claimed is: 
1. A multi-antenna transmitting apparatus comprising: 
a mapping section that maps data transmitted from differ 

ent antennas in a transmission scheme using multiple 
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input multiple-output spatial-multiplexing, to a signal 
point shared by respective different modulation schemes 
So that average transmission power of each modulation 
Scheme is the same as or of the same order as a pilot 
signal; and 

a transmitting section that transmits a modulated signal 
obtained by execution of mapping of the same or differ 
ent modulation schemes by the mapping section, using 
multiple-input multiple-output spatial-multiplexing 
Scheme. 

2. The multi-antenna transmitting apparatus according to 
claim 1, wherein the mapping section shares some signal 
points of respective modulation schemes so that average 
transmission power of each modulation scheme is the same as 
or of the same order as a pilot signal. 

3. A multi-antenna transmitting apparatus comprising: 
a mapping section that maps data transmitted from differ 

ent antennas in a transmission scheme using multiple 
input multiple-output spatial-multiplexing, to a signal 
point according to respective different modulation 
Schemes; 

a pilot signal generation section that generates a pilot sig 
nal for which a signal point arrangement differs for each 
modulation scheme and in which a relative position of a 
signal point of a signal with respect to a signal point of 
the mapping section is shared by respective different 
modulation schemes so that average transmission power 
of one modulation scheme is the same as or of the same 
order as that of another modulation scheme; and 

a transmitting section that transmits a modulated signal 
obtained by the mapping section and a pilot signal gen 
erated by the pilot signal generation section, using mul 
tiple-input multiple-output spatial-multiplexing 
Scheme. 

4. A multi-antenna receiving apparatus comprising: 
a receiving section that receives at a plurality of antennas a 

spatial-multiplexed signal transmitted by a multi-an 
tenna transmitting apparatus; 

a channel estimation section that estimates a condition of a 
communication channel traversed by the spatial-multi 
plexed signal; and 

an MLD arithmetic calculation section that performs maxi 
mum likelihood detection arithmetic calculation using a 
channel estimation value from the channel estimation 
section and also using a signal point shared by respective 
different modulation schemes, wherein the signal point 
is on a constellation defined such that an average trans 
mission power of one modulation scheme is the same as 
or of the same order as an average transmission power of 
another modulation scheme as a candidate signal point. 

5. A multi-antenna receiving apparatus comprising: 
a receiving section that receives at a plurality of antennas a 

spatial-multiplexed signal in which signal points of 
respective different modulation schemes are shared so 
that average transmission power of each modulation 
Scheme is the same as or of the same order as a pilot 
signal; 

a channel estimation section that estimates a condition of a 
communication channel traversed by the spatial-multi 
plexed signal; and 

a maximum likelihood detection arithmetic calculation 
section that performs maximum likelihood detection 
arithmetic calculation using a channel estimation value 
from the channel estimation section and also using a 
relative position of a signal point of each modulation 
Scheme as a reference point of a pilot signal. 
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6. A multi-antenna transmitting method comprising: 
a mapping step of mapping data transmitted from different 

antennas in a transmission scheme using multiple-input 
multiple-output spatial-multiplexing, to a signal point 
shared by respective different modulation schemes so 
that an average transmission power of one modulation 
Scheme is the same as or of the same order as an average 
transmission power of another modulation scheme; and 

a step of transmitting a modulated signal obtained by 
execution of mapping of the same or different modula 
tion schemes in the mapping step, using multiple-input 
multiple-output spatial-multiplexing scheme. 

7. A multi-antenna receiving method comprising: 
a receiving step of receiving at a plurality of antennas a 

spatial-multiplexed signal transmitted by a multiantenna 
transmitting apparatus; 

a channel estimation step of estimating a condition of a 
communication channel traversed by the spatial-multi 
plexed signal; and 

an maximum likelihood detection arithmetic calculation 
step of performing maximum likelihood detection arith 
metic calculation using a channel estimation value esti 
mated by the channel estimation step and also using a 
signal point shared by respective different modulation 
Schemes, wherein the signal point is on a constellation 
defined Such that an average transmission power of one 
modulation scheme is the same as or of the same order as 
an average transmission power of another modulation 
Scheme as a candidate signal point. 

8. A terminal apparatus that performs multi-antenna com 
munication using preceding with a base station apparatus, the 
terminal apparatus comprising: 

a channel estimation section that performs channel estima 
tion using a received pilot signal and generates a channel 
estimation matrix: 

a QR decomposition section that performs QR decompo 
sition of a channel estimation matrix generated by the 
channel estimation section; and 

an R matrix nondiagonal element phase amountarithmetic 
calculation section that calculates a phase amount of 
phase components in a non-diagonal position in the 
upper triangle within an R matrix obtained by QR 
decomposition by the QR decomposition section, that 
feeds back information indicative of the phase compo 
nents of elements of complex number to the base station 
apparatus. 

9. The terminal apparatus according to claim 8, further 
comprising an R matrix element amplitude ratio arithmetic 
calculation section that takes a specific element among ele 
ments present at a position in an upper triangle within an R 
matrix obtained by QR decomposition by the QR decompo 
sition section as a reference, calculates an amplitude ratio 
with respect to the element taken as a reference for an element 
other than the specific element in an upper triangle of the R 
matrix, and feeds back an amplitude ratio obtained by the 
arithmetic calculation to the base station. 

10. The terminal apparatus according to claim 9, wherein 
the R matrix element amplitude ratio arithmetic calculation 
section, when quantizing information of the amplitude ratio, 
performs quantization so that, for areas obtained by dividing 
a quantization object, a binary value assigned to a first area 
and a binary value assigned to an area adjacent to the first area 
are binary values that differ by only 1 bit. 

11. The terminal apparatus according to claim 8, wherein 
the R matrix non-diagonal element phase amount arithmetic 
calculation section, when quantizing information of the phase 
component, performs quantization so that, for areas obtained 
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by dividing a quantization object, a binary value assigned to a 
first area and a binary value assigned to an area adjacent to the 
first area are binary values that differ by only 1 bit. 

12. A base station apparatus that performs multi-antenna 
communication using precoding with a terminal apparatus, 
the base station apparatus comprising: 

a transmit signal point generation section that has a plural 
ity of precoding matrices that become candidates, and 
generates a transmit signal point by multiplying a post 
mapping signal by the precoding matrix that becomes a 
candidate; 

an inter-candidate-signal-point square Euclidean distance 
arithmetic calculation section that reproduces an R 
matrix using R matrix amplitude ratio information and 
phase information fed back from the terminal apparatus, 
generates a candidate signal point using the reproduced 
R matrix and a transmit signal point generated by the 
transmit signal point generation section, and computes a 
Square Euclidean distance between the generated candi 
date signal points; 

a preceding matrix selection section that selects a preced 
ing matrix such that a square Euclidean distance com 
puted by the inter-candidate-signal-point square Euclid 
ean distance arithmetic calculation section becomes a 
maximum; and 

a precoding section that multiplies a preceding matrix 
Selected by the preceding matrix selection section by a 
post-mapping signal point. 
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13. A base station apparatus that performs multi-antenna 

communication using precoding with a terminal apparatus, 
the base station apparatus comprising: 

a transmit signal point generation section that, when shar 
ing a signal point between different modulation 
Schemes, generates a transmit signal point that is shared 
by a plurality of sharing methods: 

an inter-candidate-signal-point square Euclidean distance 
arithmetic calculation section that reproduces an R 
matrix using R matrix amplitude ratio information and 
phase information fedback from the terminal apparatus, 
generates a candidate signal point using the reproduced 
R matrix and a transmit signal point generated by the 
transmit signal point generation section, and computes a 
Square Euclidean distance between the generated candi 
date signal points; 

a common signal point selection section that selects a sig 
nal point sharing method from among the plurality of 
sharing methods such that a square Euclidean distance 
computed by the inter-candidate-signal-point square 
Euclidean distance arithmetic calculation section 
becomes a maximum; and 

a common signal point mapping section that performs 
mapping to a modulation signal point using a signal 
point sharing method selected by the common signal 
point selection section. 


